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 PREFACE
The amended Great Lakes Water Quality Agreement commits the Parties, in cooperation with state
and provincial governments, to develop and implement programs and other measures to restore and
maintain the integrity of the waters of the Great Lakes Basin Ecosystem. Article VII, Section 1 directs
the International Joint Commission to “assist in the implementation of [the] Agreement.” This includes
the "tendering of advice and recommendations to the Parties and to the State and Provincial Govem-
ments on problems of and matters related to the quality of the boundary waters of the Great Lakes
System including specific recommendations concerning the General and Specific Objectives, legislation,
standards and other regulatory requirements, programs and other measures, and intergovernmental
agreements relating to the quality ofthese waters.”
Article VII, Section 3 also charges the Commission to "make a full report no less frequently than
biennially concerning progress toward the achievement of the General and Specific Objectives including,
as appropriate, matters related to Annexes to [the] Agreement. [The] report shall include an assessment
of the effectiveness of the programs and other measures undertaken pursuant to [the] Agreement, and
advice and recommendations.”
The Water Quality Board is the principal advisor to the Commission. Its terms of reference call for
the Board to:
0 Make recommendations on the development and implementation of programs to achieve the
purpose of [the] Agreement.
0 Assemble and evaluate information evolving from such programs.
0 Identify deficiencies in the scope and funding of such programs and evaluate the adequacy
and compatibility of results.
0 Examine the appropriateness of such programs in the light of present and future socio-
economic imperatives.
0 Advise the Commission on the progress and effectiveness of such programs and submit
appropriate recommendations.
The Water Quality Board presents this 1989 Report, which contains advice to assist the Commis-
sion in the fulﬁllment of its responsibilities.
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PRINCIPLES
This
1989
Report
of the Great
Lakes Water
Quality
Board
examines
the
environmental
status of the
Great Lakes
and
the progress
made
by
the
Parties in implementing
the Canada-United
States Great
Lakes
Water
Quality Agreement.
Particular emphasis
is placed on
the work
initiated
under
the
1987
amendments
to the
Agreement.
In examining the
restoration and
future management
of the
Great
Lakes
Basin
Ecosystem,
the
Board examined
present assumptions
and
perspectives and
identiﬁed critical
principles which underlie this Report:
Great
Lakes
problems
must
be
viewed
and
managed
within
the
context of
a
whole
ecosystem
and
not as single issues.
In fact, each
issue impacts,
and
is impacted
by
other issues
and
considerations.
The
multimedia
approach
is important
in
ecosystem
management;
for
example,
to adequately
address
the issue
of contaminated
sediments,
contaminant sources
from
land
runoff,
airborne deposition, groundwater,
and
point
sources must
be
controlled.
Management
mechanisms
must
be
responsive
to such
realities.
The
Great
Lakes
are part of the
global
environment, subject to global factors, such
as climate
change
and
international and
intercontinental
airborne
transport of toxics into
and
out of the
basin.
More
emphasis
must
be placed
on
the
preventive aspects of ecosystem
management,
rather
than
waiting for adverse
impactsand
then reacting.
That is, pollution
prevention and
waste
minimization
and
recycling
must
be
given
high
priority, including
the
elimination of produc-
tion processes
and
products
which
harm
the
environment.
The
zero
discharge
and
virtual elimination provisions of the
Agreement
for persistent toxic
substances
should
be
fully recognized.
To
fulﬁll these provisions,
controls should
not be
based
solely
upon
such
narrow
perspectives
as a
“no
observable effects
level"
and
assuming
an
assimilative capacity in the system.
The
nondegredation provisions of the Agreement should
be given priority and
recognized
as
a step toward
zero discharge.
To
support this, no
increases in discharges of persistent toxic
substances
should
be
allowed
from
point
sources, and
action plans
and
schedules
should be
prepared
for attaining zero discharge
of persistent toxic substances from
each source.
Governments and
citizens should
recognize
the findings of the World Commission
on
Environment
and Development
(the Brundtland
Commission).
In particular, the principle of
sustainable development
should be
applied within the basin.
While
improved
environmental
quality and
economic
development
are compatible
goals, all concerned
must
be
aware
of the
ecological consequences
of their decisions and
behaviour,
including choices in consumer
goods
and
lifestyles.
Responsibility
for change
must
rest with
individuals,
professionals,
corporations,
and
governments.
Discharge
of wastes
to public
waters
is not a
right, but
is permitted
by
society only
on
a
limited basis.
Better milestones
are needed
in order to allow the public to better assess progress.
These
could
include the
initiation and
completion
of key
studies
and
remedial actions
and
attain-
ment
of end
points, such as desired
chemical conditions and
restoration of uses, including
biological recovery.
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 REMEDIAL ACTION PLANS
Over the past two years, the Board has established a RAP review process, developed a set of
listing/ delisting criteria for Areas of Concern, and provided the Commission with the review of eight
RAPs. The Board is generally pleased with the evolution of the RAP process within each of the Great
Lakes states and Ontario. Successes include:
0 Enhanced communication and institutional cooperation.
0 Greater public awareness.
0 More emphasis on control of contaminants at the source.
0 Greater emphasis on remediation of contaminated sediments.
0 More financial and human resources being focused on Areas of Concern.
Some challenges of RAP implementation include:
0 Identifying responsibilities for remediation and increasing accountability.
0 Developing political and business support.
0 Moving forward with remediation, despite "imperfect" data bases.
0 Developing long-term funding mechanisms while sustaining public support.
Based on the reports of progress by the jurisdictions to develop and implement RAPs (see Appendix A)
and on its review of eight RAPs, the Board observes that:
0 It is taking longer than expected to develop RAPs, due to the complexity of the problems and
the solutions, and because of a commitment to public participation.
0 Public expectations are high.
0 Available resources are limited.
0 The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach of the Agreement.
0 To sustain remedial efforts and maintain the momentum for remediation will require
building a record of success.
LAKEWIDE MANAGEMENT PLANS AND POINT SOURCES IMPACT ZONES
In contrast to RAPs,MS and PSIZs are in preliminary stages of development. The Commission,
before it can make recommendations to the Canadian and United States governments on LMPs, requires
a precise definition of LMPs from the Parties and how progress will be tracked. Under Annex 2, the
Parties are to identify, delineate, and report on PSIZs to the Commission beginning September 30, 1989.
STATE OF THE LAKES
NUTRIENTS
To provide a more succinct and coherent summary, phosphorus concentrations in the lakes are
discussed later in this summary, in conjunction with phosphorus control measures and other aspects of
the phosphorus issue.
  
Nit
rat
e-p
lus
-ni
tri
te
co
nc
en
tr
at
io
ns
co
nt
in
ue
to
in
cr
ea
se
in
th
e G
re
at
La
ke
s.
Th
is
inc
rea
se,
in
as
so
ci
at
io
n w
it
h r
ed
uc
ed
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
(d
is
cu
ss
ed
lat
er)
, h
as
sig
nif
ica
ntl
y a
lte
red
th
e
ni
tr
og
en
-t
o-
ph
os
ph
or
us
rat
io
in
so
me
lak
es.
Su
ch
shi
fts
ha
ve
th
e p
ote
nti
al
to
im
pa
ct
ph
yt
op
la
nk
to
n
co
mm
un
it
y
st
ruc
tur
e w
hi
ch
ma
y,
ult
ima
tel
y,
ch
an
ge
fo
od
we
b
dy
na
mi
cs
in
th
e l
ake
s.
To
dat
e,
no
ad
ve
rs
e i
mp
ac
t o
f t
he
eff
ect
s o
f i
ncr
eas
ing
nit
rat
e-p
lus
—ni
tri
te
lev
els
ha
ve
be
en
do
cu
me
nt
ed
in
the
Gr
ea
t
Lak
es.
Cu
rr
en
t c
onc
ent
rat
ion
s a
re
wel
l b
el
ow
the
10
mg
/L
ma
xi
mu
m a
cce
pta
ble
con
cen
tra
tio
n i
n
dr
in
ki
ng
wa
te
r
fo
r t
he
pr
ot
ec
ti
on
of
hu
ma
n
he
al
th
.
CONTAMINANTS
Be
tw
ee
n 1
969
an
d 1
972
, l
egi
sla
tio
n w
as
ena
cte
d i
n b
ot
h c
oun
tri
es
to
res
tri
ct
or
ba
n t
he
pr
od
uc
ti
on
an
d u
se
of
die
ldr
in,
hep
tac
hlo
r,
DD
T,
PC
Bs
an
d m
er
cu
ry
.
Pr
od
uc
ti
on
of
mi
re
x i
n t
he
bas
in
cea
sed
in
197
6.
In
res
pon
se
to
the
se
reg
ula
tor
y a
cti
ons
, c
onc
ent
rat
ion
s o
f t
hes
e c
hem
ica
ls
in
fis
h a
nd
fis
h-e
ati
ng
bir
ds
dec
lin
ed
sig
niﬁ
can
tly
. H
owe
ver
, t
he
pre
cip
ito
us
dec
lin
es
obs
erv
ed
in
the
197
05
hav
e l
eve
lle
d o
ff,
an
d s
ubs
equ
ent
dat
a i
n t
he
198
03
are
mo
re
dif
fic
ult
to
int
erp
ret
wit
h r
esp
ect
to
con
sis
ten
t t
ren
ds.
Nea
rsh
ore
dat
a (
bas
ed
on
a v
ari
ety
of b
iol
ogi
cal
ind
ica
tor
org
ani
sms
) s
ugg
est
tha
t i
npu
ts
of a
nu
mb
er
of
the
se
che
mic
als
to
the
Gre
at
Lak
es
are
stil
l oc
cur
rin
g.
Fis
h f
rom
eac
h o
f t
he
Gre
at
Lak
es
stil
l e
xce
ed
the
Ag
re
em
en
t o
bje
cti
ve
for
PC
Bs
(0.
1 m
g /
kg)
. W
hil
e a
vai
lab
le
dri
nki
ng
wat
er
dat
a s
how
, w
ith
fe
w
exc
ept
ion
s,
tha
t al
l r
aw
wat
er
sup
pli
es a
re w
ith
in c
urr
ent
dri
nki
ng w
ate
r g
uid
eli
nes
, fi
sh c
ons
ump
tio
n
adv
iso
rie
s fo
r P
CB,
mir
ex,
and
mer
cur
y s
till
con
tin
ue f
or s
ome
spe
cie
s a
nd
siz
e cl
ass
es o
f fi
sh.
AREAS NOT MEETING THE OBJECTIVES
Inv
est
iga
tio
ns
hav
e c
ont
inu
ed
for
des
cri
bin
g e
nvi
ron
men
tal
con
dit
ion
s in
the
Bla
ck R
ive
r (
New
Yor
k)
and
at P
res
que
Isle
/ Er
ie,
Pen
nsy
lva
nia
, b
oth
ide
nti
fie
d as
eme
rgi
ng
iss
ues
in t
he B
oar
d’s
198
7
3
Rep
ort
.
PC
B c
onc
ent
rat
ion
s i
n y
oun
g-o
f-t
he—
yea
r s
pot
tai
l a
nd
eme
ral
d s
hin
ers
fro
m t
he
Bla
ck
Riv
er
3
hav
e ﬂ
uct
uat
ed
at l
eve
ls e
xce
edi
ng
the
Agr
eem
ent
obj
ect
ive
; co
nti
nue
d m
oni
tor
ing
is w
arr
ant
ed.
Aft
er
re—
eva
lua
tio
n of
the
dat
a f
rom
Eri
e H
arb
or,
the
Boa
rd
re-
emp
has
ize
s it
s co
nce
rns
rel
ate
d to
obs
erv
ed
and
pot
ent
ial
use
imp
air
men
ts
of t
he a
rea
and
the
nee
d f
or a
com
pre
hen
siv
e i
nve
sti
gat
ion
of
the
pro
ble
m.
The
Wat
er
Qua
lit
y B
oar
d r
eco
mme
nds
to t
he C
omm
iss
ion
that
:
0
The
Com
mis
sio
n r
eque
st t
he U
nit
ed S
tate
s, i
n co
nsu
lta
tio
n wi
th P
enn
syl
van
ia,
to d
esi
gna
te P
res
que
Isle
/Eri
e Ha
rbo
r as
an A
rea
of C
onc
ern
.
[Re
com
men
dat
ion
No.
42,
pag
e 98
]
The
Boa
rd
com
men
ds
Pen
nsy
lva
nia
for
its
pro
pos
ed
stu
dy
pro
gra
m,
aim
ed
at a
sse
ssi
ng t
he 1
4 be
nef
ici
al
use
imp
air
men
ts d
esc
rib
ed i
n An
nex
2 of
the
Agr
eem
ent
. I
t is
not
ed t
hat
the
resu
lts
of t
hat
pro
gra
m,
wh
en
com
ple
te,
wou
ld
ver
y li
kel
y pr
ovi
de
a c
omp
reh
ens
ive
Sta
ge 1
RAP
.
The
Boa
rd e
xpre
sse
s co
nce
rn a
bou
t an
oth
er a
rea,
Trai
l Cr
eek
(Ind
iana
), b
eca
use
of r
ecen
t da
ta
indi
cati
ng s
ubst
anti
al m
eta
l co
nta
min
ati
on o
f se
dim
ent
s an
d th
e wa
ter
col
umn
, in
add
iti
on t
o re
cent
fish
con
sum
pti
on a
dvis
orie
s du
e to
hig
h P
CB
and
chl
ord
ane
conc
entr
atio
ns.
MAJOR POLLUTION CONTROL ISSUES
PERSISTENT TOXIC SUBSTANCES
Pers
iste
nt t
oxic
sub
sta
nce
s co
nsti
tute
a ma
jor
focu
s of
the
ame
nde
d Ag
ree
men
t, i
n re
spo
nse
to t
he
thre
at p
osed
to th
e Gr
eat
Lake
s Ba
sin
Ecos
yste
m. T
he g
oal
of r
egul
ator
y me
asur
es i
s to
cont
rol a
nd
ulti
mate
ly p
rev
ent
the
entr
y of
thes
e su
bst
anc
es i
nto
the
Gre
at L
ake
s in
ord
er t
o pr
otec
t hu
man
heal
th
and
the
aqua
tic
ecos
yste
m. T
he i
nten
t of
the
prog
rams
call
ed fo
r in
the
Agr
eem
ent
is "t
o vir
tual
ly
eli
min
ate
the
inp
ut o
f pe
rsis
tent
toxi
c su
bsta
nces
.”
The
Agr
eem
ent
furt
her
stat
es t
hat
“the
phi
los
oph
y
for c
ontr
ol of
inpu
ts of
pers
iste
nt to
xic s
ubst
ance
s sha
ll be
zero
disc
harg
e.”
Ann
ex
12 s
peci
fies
com
pon
ent
s of
a st
rate
gy f
or d
eal
ing
wit
h pe
rsis
tent
toxi
c su
bsta
nces
: p
ro-
gra
ms a
nd m
eas
ure
s to
elim
inat
e th
eir
disc
harg
e; m
oni
tor
ing
and
rese
arch
; el
eme
nts
of a
n ea
rly
war
nin
g
sys
tem
; co
mmi
tme
nt
to e
stab
lish
acti
on l
evel
s to
prot
ect
hum
an
heal
th;
and
mea
sur
es t
o re
habi
lita
te
adversely affected portions of the ecosystem.
In its 1981 Report, the Board concluded that, the requirements of the Agreement notwithstanding,
"there is no specific Great Lakes management strategy for directing the tOxic substances activities being
carried out by the jurisdictions ...” and that “this absence of program integration and coordination has
led to fragmentation of purpose, direction, and resources.” These conclusions were particularly
directed at persistent toxic substances.
In its Third Biennial Report in 1986, the Commission observed that many of the basic elements
needed for a strategy existedin the Agreement, but other necessary institutional elements were lacking
or only in the early stages of development. The Commission also observed that, while some progress
had been made, "the institutional mechanism provided by the Agreement [had] not been fully util-
ized.” The Commission recommended that the Parties and jurisdictions "develop and implement a
Binational Toxics Management Strategy for the Great Lakes Basin Ecosystem,” using the "Agreement as
a framework for developing a comprehensive strategy to control and reduce toxic substances."
In their 1988 reports of progress under the Agreement, the Parties described numerous programs
and measures intended to reduce sources of toxic pollutants, including persistent toxic substances. The
Board observes, however, that neither Party has developed a comprehensive management strategy for
these substances.
The Board concludes that the complexity of the issue, the enormous costs involved, and the lack of
precedent are all factors contributing to the lack of more timely progress. The Board summarizes below
its findings regarding development of the components of an overall toxic substances management
strategy, with emphasis on identification and control of contaminant sources and the waste issue.
Pretreatment Programs
Through its Municipal Pretreatment Task Force, the Board investigated the status of pretreatment
programs in the Great Lakes basin. The task force found that these programs are in various stages of
development by the jurisdictions. Pretreatment of industrial waste prior to discharge to a municipal
sewerage system is essential, as municipal facilities generally are not designed to remove industrial
contaminants.
The Board will continue to track development and implementation of pretreatment programs in
the basin. In order to determine the adequacy of these measures, the Board requires data for individual
facilities including: which parameters are monitored; efﬂuent limits established; compliance with these
limits; and a firm schedule for adoption and enforcement of regulations. The Water Quality Board
recommends to the Commission that:
0 The Parties, in cooperation with the state and provincial governments, accelerate the development of
coordinated pretreatment programs (including standards to address local concerns and impairments)
and common measures of compliance, and provide the resources necessary to effectively implement
these programs. [Recommendation No. 9, page 19]
Pulp and Paper Industry
The pulp and paper industry remains a significant source of conventional pollutants to the Great
Lakes basin. In its 1985 and 1987 Reports, the Board reported on progress in the pulp and paper indus-
trial sector to reduce the discharge of conventional and toxic contaminants; this 1989 Report describes
further progress. For conventional pollutants (such as biochemical oxygen demand and total suspended
solids), some mills in New York and Michigan have efﬂuent limits for maximum loadings only. The
resulting loading data are not comparable with data from other facilities, which are required to report
average loadings. Thus, the Board is unable to accurately track progress to reduce loadings for conven-
tional pollutants. Therefore, the Water Quality Board recommends to the Commission that:
0 All pulp and paper mills report average monthly loadings even if their discharge limits are expressed in
terms of maximums. [Recommendation No. 10, page 19]
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Contaminated Sediment
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xviii
 o
The Parties implement a management program with short, medium and long-term elements for
contaminated sediment. This management program should include navigational dredging activities.
[Recommendation No. 35, page 54]
0
The Parties develop, test and implement suitable technologies, including dredging equipment, for the
remediation of contaminated sediment.
[Recommendation No. 36, page 54]
Atmospheric Deposition
Atmospheric deposition is a major pathway for contamination of the Great Lakes Basin Ecosystem,
from sources located within and outside the basin. Because of long-distance and global transport, the
international dimensions cannot be overstated.
With the exception of a few isolated initiatives identiﬁed in the basin, programs related to sources
and inventories of specific contaminants emitted to the atmosphere, models for atmospheric transport
and deposition, and specific pollution control measures addressing contaminants of concern in the Great
Lakes are not presented in any detail in either Party report. Consequently, the Board cannot make an
assessment of overall progress in these areas. In order to evaluate progress to quantify atmospheric
deposition and contaminant loading to the Great Lakes, and to evaluate progress to control emissions to
the atmosphere, the Board requires details on the monitoring, research, modeling and inventory activi-
ties specific to the Great Lakes basin. Therefore, the Water Quality Board recommends to the Commis-
sion that:
0
The Parties undertake the programs and measures necessary to quantify atmospheric deposition of toxic
substances to the Great lakes basin, assess emission sources and contaminant transport, and control
emission of toxic substances to the atmosphere in a manner appropriate to the requirements of the
Agreement.
[Recommendation No. 37, page 56]
Groundwater
Contaminated groundwater is a largely unquantified source of pollution to the boundary waters of
the Great Lakes system, both directly to the lakes and indirectly via inﬂow to tributaries. Studies in
local areas, such as the Niagara River, allude to the potential magnitude and seriousness of the situation.
The Water Quality Board recommends to the Commission that:
0
The Parties undertake programs and measures to identify and control both contaminated groundwater
affecting the boundary waters of the Great lakes system and sources of contamination to groundwater,
and to report progress toward remediation and restoration.
[Recommendation No. 38, page 57]
Nonpoint Land Runoff
The magnitude and the severity of pollution from nonpoint sources in the Great Lakes Basin
Ecosystem have been known since the PLUARG studies of the 1970s. In this Report, the Board has
identified the type of information required to track status and evaluate progress in nonpoint source
pollution control to remediate impairments and reduce loadings of pollutants. The Water Quality Board
recommends to the Commission that:
0
The Parties and thejurisdictions provide information about nonpoint source pollution, as specified in
this Report.
[Recommendation No. 29, page 48]
The Waste Issue
Large quantities of waste have accumulated and will continue to accumulate as additional wastes
are generated during production and considering the massive quantities of products used and disposed
of every day. Programs to reduce, reuse, recycle, and recover waste will reduce the quantity that
already exists, and process changes and treatment of the waste stream will reduce the amount generated
in the future. Nevertheless, a significant residue remains. Storage, transport, and land disposal are not
the answer, as this only shifts the problem from one location or medium to another, and only postpones
dealing with the issue.
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XX
 with these proposed changes and recommends to the Commission that:
0
The Parties review the potential consequences if compulsory pilotage is eliminated, review the adequacy
of present training requirements for masters and pilots, and review present requirements regarding the
management of hazardous cargoes.
[Recommendation N0. 22, page 42]
Discharges from Vessels
Information provided to the Board about sewage discharges from pleasure craft, although sparse,
gives the Board cause for concern.
The Water Quality Board recommends
to the Commission that:
0
The Parties and jurisdictions review the following with respect to pleasure craft:
the adequacy of
inspection programs; resource needs for enforcement agencies to conduct adequate inspections; the
nature and significance of violations; and whether the number and capacity of shore—based pumpout
facilities is adequate for present and future use.
[Recommendation No. 24, page 43]
The
Coast Guards
are reviewing the need
for guidelines whereby cargo residues are considered
“garbage”
and
thereby subject to discharge standards.
Guidance
is needed
from
the Commission
on
the
potential problem which such cargo residues may pose to the Great Lakes.
The Water Quality Board,
however,
does not have
the necessary information to advise
the Commission
on this matter and
recom—
mends to the Commission that:
0
The Parties and jurisdictions review the Canada and
United
States Coast Guard information and
International Maritime Organization studies to determine the potential problems associated with, and
solutions to the disposal of cargo ship residues.
[Recommendation No. 25, page 44]
Maritime Use of Organotin Compounds
Organotin compounds, including tributyl tin, are used
in marine bottom paints for application to
boat hulls and
marine
and
aquaculture facilities.
These compounds
pose
a threat to the Great Lakes
because
of their acute toxicity to aquatic organisms.
The
Water Quality
Board
recommends
to the
Commission that:
0
The marine use of all organotin compounds be immediately banned in the Great lakes basin.
[Recommendation No. 26, page 44]
CONTROL OF PHOSPHORUS
A
major impetus leading to the 1972 Agreement was
eutrophication in the lower Great Lakes.
The
attendant problems resulted directly from overenrichment with phosphorus.
Concern
was also raised
that the upper Great Lakes could suffer the same fate if phosphorus inputs were not signiﬁcantly
reduced.
In each of its reports since 1973, the Board has reported on progress to control phosphorus
inputs,
as well as the response of the aquatic ecosystem to these control measures.
The issue has been largely
but not completely resolved; phosphorus
loadings are approaching
the target loads for the lower Great
Lakes and
the phosphorus concentrations in the open waters of the lakes are nearing the desired levels.
Phosphorus
load reductions
have been
achieved largely through
removal of phosphorus
at municipal
wastewater treatment
plants and
limitations on
the content of phosphorus in laundry detergents.
More
recently, the Parties’ Phosphorus Management 1Plans have
also focused on
reduction of phosphorus
from
nonpoint
land
runoff
and
other
measures.
’
'
Aquatic Ecosystem Status
The phosphorus control program implemented under the 1972 Agreement has been responsible for
successfully maintaining the nondegradation objective in Lakes Superior and
Huron
and
in improving
the status of Lakes Michigan, Erie and
Ontario and
Saginaw
Bay.
Phosphorus
load reductions are
reﬂected in the phosphorus concentration trends, particularly in Lakes Erie and Ontario.
However, the
precipitous declines in phosphorus
concentrations noted for these lakes during the 19705 have levelled
xxr
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pag
e 3
5]
An
iss
ue r
ais
ed b
y t
he B
oar
d in
its
198
7 R
epo
rt
is t
hat
non
poi
nt
con
tri
but
ion
s of
pho
sph
oru
s v
ary
wit
h t
he w
etn
ess
of t
he y
ear
. I
n ad
dit
ion
, tr
ibu
tar
y mo
nit
ori
ng
to e
sti
mat
e th
is l
oad
ing
is i
nad
equ
ate
.
Thi
s m
ake
s it
diff
icul
t fo
r th
e B
oar
d to
est
ima
te t
he t
otal
loa
din
g of
pho
sph
oru
s t
o th
e la
kes
. T
her
efo
re,
the
Wat
er
Qua
lit
y B
oar
d r
eite
rate
s tw
o r
eco
mme
nda
tio
ns
fro
m it
s 19
87
Rep
ort
, th
at:
0
The
Part
ies,
in c
oope
rati
on w
ith
the
Com
mis
sio
n, d
evel
op p
roce
dure
s wh
ich
take
into
acco
unt
the
year
ly v
aria
bili
ty in
trib
utar
y lo
adin
g es
tima
tes
due
to th
e we
athe
r, fo
r as
sess
ing
whet
her
the
phosphorus target loads specified in the 1978 Agreement are being met.
[Recommendation No. 16, page 37]
0
The P
artie
s iden
tify k
ey tri
butari
es an
d ens
ure t
hat sa
mplin
g is c
onduc
ted s
o that
reliab
le ph
ospho
rus
load
ing e
stim
ates
are o
btain
ed.
[Rec
omme
ndat
ion
No.
17, p
age
37]
Detergent Phosphorus
Ohio and Pennsylvania have both implemented a detergent phosphorus limit of 0.5% for those
count
ies i
n the
Lake
Erie
drain
age b
asin,
to co
mmen
ce in
1990.
Thus,
all ju
risdi
ction
s in t
he Un
ited
States portion of the basin will have a limit of 0.5%, as called for in the Agreement.
Canada’s detergent phosphorus limit is 2.2%. A further reduction by Canada would allow munici-
pal wastewater treatment plants which remove phosphorus to achieve lower efﬂuent concentrations
with the same effort. In addition, a lower phosphorus limit would lower the efﬂuent concentrations
from those municipal and private plants that do not remove phosphorus, as well as reduce the phospho-
rus content in wastewater from combined sewer overﬂows and treatment plant bypasses. Therefore, to
meet the intent of the Agreement, the Water Quality Board recommends to the Commission that:
0 Canada implement legislation to reduce the content of phosphorus in laundry detergents to 0.5% by
weight as phosphorus. [Recommendation No. 15, page 35]
Parties’ Review of Phosphorus Control Measures
Section 6 of Annex 3 requires theParties to "meet no later than December 31, 1988, to review the
effectiveness of the programs and measures described herein, and any remaining load reduction meas-
ures required to achieve the target loads.” This meeting has not taken place. Therefore, the Board
recommends to the Commission that:
xxii
0The Parties hold their mandated meeting as soon as possible and as a component of their agenda deal
with the concerns and
recommendations regarding control of phosphorus
which have been raised in this
report and
its predecessors.
[Recommendation
No.
18, page 39]
P
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O
T
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I
O
N
OF
E
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R
E
S
O
U
R
C
E
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WETLANDS
Wetlands are a vital component of the Great Lakes
Basin Ecosystem.
They
not only form
the link
between
aquatic
and
terrestrial ecosystems but also provide key linkages in maintenance of water
quality, storage, and
ﬂow.
Marshland
areas
act as sediment traps and
thereby
trap contaminants
that
would
otherwise
enter the
lakes.
They
also provide
a
diversity of organic
detrital material
essential for
lake
productivity.
Wetlands
provide
critical habitat for various
aquatic
species.
They
are the nursery
grounds
for
many
fish, and
breeding
and
migratory
staging areas
for waterfowl.
Many
ﬁsh-eating
species
that have
been
affected by
persistent
toxic chemicals
during the past
40
years
live in
wetland
1
areas.
Marshes and
wetlands fulﬁll the aesthetic and
recreational needs ofgrong
urban
populations,
and
provide
important
opportunities
for public
education on
the
value of our surrounding
environment.
There
has
been
a
tendency
to interpret the
Agreement in terms of traditional water
quality man—
dates involving
the open
lakes and
nearshore areas,
while
omitting
wetlands
and
their associated ﬂora
and
fauna.
Because
of their ecological importance
to the Great Lakes
Basin Ecosystem,
more
attention
needs
to be
given
to wetlands
in the
future.
In particular, the Commission
should
monitor
progress to
identify Great
Lakes
wetlands,
identify specific constraints
to their protection
and
management,
and
monitor
their
status and
trends.
The
Water
Quality
Board
recommends
to the Commission
that:
0
The
Parties, in cooperation with
state and provincial governments,
establish and
maintain a registry of
information
on
wetland losses.
[Recommendation
No.30, page 50]
0
The
Parties, in cooperation with
state and provincial governments,
ensure that surveys
which are
conducted
in relation to the requirements of Annexes
2 and
13 include
the linkages between
contami—
nants found
in wetlands and
point and
nonpoint sources.
[Recommendation
No.
31, page 50]
0
The
Parties, in cooperation
with state and provincial governments, evaluate
the effectiveness of current
wetland legislation and policies to protect and
restore wetlands
and
to maintain
natural aquifers,
streamflows, and other factors critical to wetlands.
[Recommendation
No. 32, page 50]
0
The Science Advisory Board provide direction and
advice about research into the interrelationships of
wetlands
withother components
of the
Great lakes
Basin
Ecosystem.
[Recommendation No. 33, page 50]
FOREIGN
O
R
G
A
N
I
S
M
S
IN
BALLAST
W
A
T
E
R
Foreign
organisms
have
invaded
the
Great
Lakes
system
at various
times
since the early
18005 and
have
competed
aggressively
with
native
biota.
Well
established
foreign
species include the
sea
lamprey,
a
parasite
to lake
trout; the alewife;
the
Asian
clam;
and
several plant
species.
Recent newcomers
to the
Great
Lakes,
such
as the
ruffe (a European
perch-like
fish), the zebra
mussel
(also from
Europe),
and
the
spiny water
ﬂea
have
made
a
dramatic venue
in certain areas of the Great
Lakes
and
are spreading
rapidly.
The
zebra
mussel,
first identified
in 1987, has
already been
found
in extremely
high
densities in
western
Lake
Erie; it attaches
itself to water
intakes, boat
hulls, and
fishing nets.
The
ruffe,
first identi-
fied
in 1987 in the St. Louis
River
(Duluth-Superior
Harbor),
could
cause
declines in Whitefish
and perch
populations
because
it feeds
on
eggs
and
larvae of both
species.
 
Because of the potential for severe disruption of the biotic community
as well as
adverse economic
consequences,
measures
have
been undertaken to prevent the introduction of additional foreign species.
Attention has
focused on
ship’s ballast water
as a principal vehicle for transporting live fish and
inverte-
brates into the
Great Lakes system.
The
Canadian
Coast Guard
has introduced voluntary
guidelines to
ensure that all ships destined for the Seaway and
the Great
Lakes exchange ballast either at sea or in the
St. Lawrence River before entering the Seaway.
xxm
  
T
h
e
W
a
t
e
r
Quality
Board
questions
whether
voluntary
measures
be
adequate
to
resolve
this
urgent
issue.
T
h
e
Board
is
concerned
whether
ballast
water
will
be
exchanged
early
e
n
o
u
g
h
to
prevent
the
establishment
of
foreign
species
in
the
St.
L
a
w
r
e
n
c
e
or
its
gulf,
f
r
o
m
w
h
e
n
c
e
they
m
i
g
h
t
eventually
reach
the
Great
Lakes,
albeit
m
o
r
e
slowly.
T
h
e
B
o
a
r
d
also
notes
that
the
ballast
water
e
xc
h
a
n
g
e
guide-
lines
d
o
not
apply
to
ships
f
r
o
m
overseas
b
o
u
n
d
for
ports
d
o
wn
r
i
ve
r
of
the
Seaway.
T
h
e
W
a
t
e
r
Quality
B
o
a
r
d
r
e
c
o
m
m
e
n
d
s
to
the
C
o
m
m
i
s
s
i
o
n
that:
0
The
Parties,
with
the
St.
lawrence
Seaway
Authority,
review
the
record
of
compliance
to
the
guidelines
after
the
1989
shipping
season
and
report
theirﬁndings
to
the
Commission.
[Recommendation
No.
23,
page
43]
M
A
N
A
G
E
M
E
N
T
I
S
S
U
E
S
R
E
P
O
R
T
I
N
G
A
N
D
E
V
A
L
U
A
T
I
O
N
T
h
e
Parties
h
a
v
e
u
n
d
e
r
t
a
k
e
n
or
p
r
o
p
o
s
e
d
n
u
m
e
r
o
u
s
activities
to
fulfill
their
r
e
q
ui
r
e
m
e
n
t
s
u
n
d
e
r
the
A
g
r
e
e
m
e
n
t
.
T
h
e
i
r
1
9
8
8
reports
of
p
r
o
g
r
e
s
s
describe
n
u
m
e
r
o
u
s
p
r
o
g
r
a
m
s
a
n
d
their
administration,
b
u
t
the
reports
generally
lack
details
a
b
o
u
t
a
c
h
i
e
v
e
m
e
n
t
s
a
n
d
d
a
t
a
that
w
o
u
l
d
q
ua
n
t
i
f
y
progress.
T
h
u
s
,
t
h
e
B
o
a
r
d
is
u
n
a
b
l
e
to
p
r
o
v
i
d
e
a
c
o
m
p
r
e
h
e
n
s
i
v
e
a
s
s
e
s
s
m
e
n
t
o
f
Parties’
p
r
o
g
r
e
s
s
o
r
e
v
a
l
u
a
t
i
o
n
o
f
t
h
e
a
d
e
q
u
a
c
y
o
f
p
r
o
g
r
a
m
s
a
n
d
m
e
a
s
u
r
e
s
to
date.
T
h
e
B
o
a
r
d
r
e
c
o
g
n
i
z
e
s
that
m
a
n
y
o
f
t
h
e
p
r
o
g
r
a
m
s
a
n
d
m
e
a
s
u
r
e
s
called
for
in
t
h
e
1
9
8
7
a
m
e
n
d
m
e
n
t
s
to
t
h
e
A
g
r
e
e
m
e
n
t
a
r
e
at
a
n
early
s
t
a
g
e
o
f
d
e
v
e
l
o
p
m
e
n
t
b
y
t
h
e
Parties,
a
n
d
that
t
h
e
fruits
o
f
t
h
e
s
e
e
n
-
d
e
a
v
o
u
r
s
will
b
e
c
o
m
e
m
a
n
i
f
e
s
t
w
i
t
h
t
h
e
p
a
s
s
a
g
e
o
f
time.
I
n
f
ut
ur
e
P
a
r
t
y
reports,
t
h
e
B
o
a
r
d
l
o
o
k
s
f
o
r
w
a
r
d
to
m
o
r
e
s
u
b
s
t
a
n
t
i
v
e
i
n
f
o
r
m
a
t
i
o
n
to
d
e
s
c
r
i
b
e
a
n
d
d
o
c
u
m
e
n
t
p
r
o
g
r
e
s
s
to
fulfill
o
b
l
i
g
a
t
i
o
n
s
a
n
d
a
c
h
i
e
v
e
t
h
e
g
o
a
l
s
o
f
t
h
e
A
g
r
e
e
m
e
n
t
.
A
r
t
i
c
l
e
I
X
stipulates
t
h
a
t
"
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
Joint
C
o
m
m
i
s
s
i
o
n
shall
b
e
g
i
v
e
n
at
its
r
e
q
u
e
s
t
a
n
y
d
a
t
a
o
r
o
t
h
e
r
i
n
f
o
r
m
a
t
i
o
n
r
e
l
a
t
i
n
g
t
o
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
S
y
s
t
e
m
i
n
a
c
c
o
r
d
a
n
c
e
w
i
t
h
p
r
o
c
e
d
u
r
e
s
e
s
t
a
b
l
i
s
h
e
d
b
y
t
h
e
C
o
m
m
i
s
s
i
o
n
.
”
I
n
a
c
c
o
r
d
a
n
c
e
w
i
t
h
this
r
e
q
u
i
r
e
m
e
n
t
a
n
d
t
o
assist
t
h
e
C
o
m
m
i
s
s
i
o
n
i
n
its
e
v
a
l
u
a
t
i
o
n
o
f
p
r
o
g
r
e
s
s
,
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
r
e
c
o
m
m
e
n
d
s
t
o
t
h
e
C
o
m
m
i
s
s
i
o
n
that:
0
T
h
e
P
a
r
t
i
e
s
p
r
o
v
i
d
e
t
h
e
C
o
m
m
i
s
s
i
o
n
w
i
t
h
strategic
i
n
f
o
r
m
a
t
i
o
n
a
b
o
u
t
their
p
r
o
g
r
a
m
s
a
n
d
p
r
o
g
r
e
s
s
u
n
d
e
r
t
h
e
A
g
r
e
e
m
e
n
t
,
i
n
c
l
u
d
i
n
g
:
specific
p
r
o
g
r
a
m
g
o
a
l
s
t
h
a
t
relate
to
r
e
d
u
c
t
i
o
n
in
p
o
l
l
u
t
a
n
t
s
o
u
r
c
e
s
a
n
d
l
o
a
d
i
n
g
s
;
i
n
t
e
r
m
e
d
i
a
t
e
m
i
l
e
s
t
o
n
e
s
;
a
n
d
t
i
m
e
s
c
h
e
d
u
l
e
s
to
a
c
h
i
e
v
e
t
h
e
s
e
goals.
[
R
e
c
o
m
m
e
n
d
a
t
i
o
n
N
o
.
1,
p
a
g
e
3
]
b
e
e
n
s
u
m
m
a
r
i
z
e
d
a
b
o
v
e
.
A
d
v
i
c
e
a
b
o
u
t
m
a
n
a
g
e
m
e
n
t
i
s
s
u
e
s
is
s
u
m
m
a
r
i
z
e
d
b
e
l
o
w
.
D
A
T
A
V
A
L
I
D
I
T
Y
,
A
C
C
E
S
S
,
A
N
D
M
A
N
A
G
E
M
E
N
T
C
O
N
S
I
D
E
R
A
T
I
O
N
S
V
a
l
i
d
d
a
t
a
a
r
e
e
s
s
e
n
t
i
a
l
t
o
a
s
s
e
s
s
t
h
e
s
t
a
t
e
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
,
t
o
t
r
a
c
k
r
e
s
t
o
r
a
t
i
o
n
i
n
A
r
e
a
s
o
f
S
u
r
v
e
i
l
l
a
n
c
e
P
l
a
n
.
T
h
r
o
u
g
h
its
S
u
r
v
e
i
l
l
a
n
c
e
S
u
b
c
o
m
m
i
t
t
e
e
,
t
h
e
B
o
a
r
d
h
a
s
r
e
v
i
e
w
e
d
q
u
a
l
i
t
y
a
s
s
u
r
a
n
c
e
p
r
o
t
o
c
o
l
s
u
s
e
d
i
n
t
h
e
b
a
s
i
n
.
T
h
r
o
u
g
h
its
D
a
t
a
Q
u
a
l
i
t
y
W
o
r
k
G
r
o
u
p
,
t
h
e
B
o
a
r
d
h
a
s
a
d
m
i
n
i
s
t
e
r
e
d
i
n
t
e
r
-
l
a
b
o
r
a
t
o
r
y
r
o
u
n
d
r
o
b
i
n
s
.
B
a
s
e
d
o
n
t
h
e
r
o
u
n
d
r
o
b
i
n
s
,
i
n
its
1
9
8
5
a
n
d
1
9
8
7
R
e
p
o
r
t
s
,
t
h
e
B
o
a
r
d
d
e
s
c
r
i
b
e
d
t
h
e
p
o
o
r
p
e
r
f
o
r
m
a
n
c
e
o
f
m
a
n
y
l
a
b
o
r
a
t
o
r
i
e
s
.
F
o
r
e
x
a
m
p
l
e
,
m
a
n
y
l
a
b
o
r
a
t
o
r
i
e
s
t
h
a
t
m
e
a
s
u
r
e
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
p
h
o
s
p
h
o
r
u
s
i
n
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effluent from municipal sewage treatment plants had difﬁculty performing the analyses.
The Board’s
most recent (1989) round robin confirms that problems persist for measurement of this relatively
straightforward contaminant, and the Board’s previous
concernsremain valid.
In its 1987 Report, the Board also reported on
the inability of many
laboratories to measure toxic
organic contaminants in samples ready for analysis, i.e. no sample preparation was
necessary.
Given
the unsatisfactory performance by many
laboratories, the implications are that valid data would not be
forthcoming on toxic organic contaminants in real-world samples that require careful sample collection
and preparative steps, factors that would
easily contribute to errors and that the Board has not investi-
gated in its round robin studies.
Thus, the confidence that the Board can place on
such data, and
the
conclusions drawn,
could be limited.
This, in turn, may make
it difﬁcult to establish whether the
requirements of the Agreement
have
been fulfilled, especially with
regard
to persistent toxic substances.
To locate the causes
of these problems, the Board
recently completed
a review of quality assurance
protocols, both
laboratory and
field.
The
Board
found
that most jurisdictions have
described quality
assurance
protocols that have potential but, in some
cases, the extent of implementation
is insufficient to
ensure
valid data.
The
Board
also found
signiﬁcant differences in practices among
agencies, projects,
and
laboratories.
These
variations contribute to the bias often detected in interlaboratory studies and
create a climate in which
comparability of surveillance data
from
different sources is difﬁcult to assess.
The
causes
of inadequate quality assurance appear
to be a combination of three factors:
I
Fundamental
deﬁciencies in basic protocols.
0
Improper
or incomplete
implementation of these protocols.
0
Use of different protocols which result in incompatible data.
The
Board concludes
- again - that an
adequate
quality assurance program
is not in place to deal
with Great Lakes ecosystem issues.
To
provide for such a program, the Water Quality Board recom—
mends to the Commission that:
0
The Parties and jurisdictions develop and
implement a coordinated, binational quality assurance
program
in support of the Great lakes International Surveillance Plan.
[Recommendation No. 40, page 59]
0
The Parties and jurisdictions review and upgrade, as necessary, the performance of laboratories
supplying phosphorus data to ensure that the information reported is accurate and
comparable.
[Recommendation No. 39, page 58]
The
Board
hastens to add, however,
that many
surveillance and
monitoring programs do
have good
quality assurance and
quality control, for example,
the herring gull and
the open lake fish contaminant
monitoring programs.
The
Board
has conﬁdence
in the data derived from
such
programs, which
form
part
of
the
backbone
for Chapter
4
of
this Report.
 
Because the jurisdictions are not direct parties to the Agreement, Commission
requests for infor-
mation under
the Agreement
must be
made
to the Parties, which
must then be passed
on
to the jurisdic-
tions involved.
This arrangement
requires rapid communication
and
quick
response to requests for
updates and
corrections.
Without timely access to data, the Board’s evaluation of progress under the
Agreement,
and
assessment of the performance
of municipal and
industrial dischargers in particular, is
severely hampered.
The
Water
Quality Board
recommends
to the Commission
that:
0
The Parties, in cooperation with state and provincial governments, designate a working level "Loading
Coordinator” within each jurisdiction who will have knowledge of all point source and tributary data
within his/her state or province.
.
[Recommendation No. 41, page 60]
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Wi
th
ou
t
thi
s i
nf
or
ma
ti
on
, t
he
Co
mm
is
si
on
an
d
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bo
ar
ds
ca
nn
ot
tr
ac
k p
ro
gr
es
s a
nd
co
nd
uc
t
ev
al
ua
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nd
er
th
e a
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ed
Ag
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em
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Ex
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d b
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uri
sdi
cti
ons
wi
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cou
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.
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th
e n
ea
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wil
l e
xa
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op
ti
on
s c
on
ce
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in
g G
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.
COMPLIANCE AND BENCHMARKS
Art
icl
e V
I o
f t
he
am
en
de
d A
gr
ee
me
nt
ma
nd
at
es
the
Par
tie
s a
nd
jur
isd
ict
ion
s t
o r
epo
rt
an
nua
ll
y o
n
co
mp
li
an
ce
of
mu
ni
ci
pa
l a
nd
ind
ust
ria
l d
isc
har
ges
, a
s a
me
as
ur
e o
f p
rog
res
s t
o c
ont
rol
pol
lut
ant
s f
ro
m
poi
nt
sou
rce
s.
In
pro
gre
ss
rep
ort
s a
nd
the
co
mp
li
an
ce
inv
ent
ori
es
su
bm
it
te
d t
o t
he
Co
mm
is
si
on
,
"ma
jor
" i
s u
nde
fin
ed
in
the
cas
e o
f i
ndu
str
ial
sou
rce
s a
nd,
for
mun
ici
pal
faci
liti
es,
a d
efi
nit
ion
is u
sed
tha
t is
inc
ons
ist
ent
wit
h t
he
Boa
rd’
s d
efi
nit
ion
. I
n o
rde
r t
o a
llo
w f
or
con
sis
ten
cy
of
rep
ort
ing
am
on
g
jur
isd
ict
ion
s a
nd
fro
m y
ear
to
yea
r,
the
Wat
er
Qua
lit
y B
oar
d r
ec
om
me
nd
s t
o t
he
Co
mm
is
si
on
tha
t:
0
All
dis
cha
rge
s be
inc
lud
ed i
n th
e Pa
rtie
s’ c
omp
lia
nce
inve
ntor
ies
so t
hat
the
Boa
rd c
an d
ete
rmi
ne
the
rela
tive
sig
niﬁ
can
ce o
f in
div
idu
al f
acil
itie
s.
[Re
com
men
dat
ion
No.
7, p
age
9]
Ano
the
r k
ey
que
sti
on
con
cer
ns t
he d
efi
nit
ion
of "
com
pli
anc
e."
Eac
h ju
ris
dic
tio
n fo
llo
ws v
ari
ed
req
uir
eme
nts
to d
efin
e co
mpl
ian
ce f
or i
ndiv
idua
l fa
cilit
ies.
The
re a
re s
igni
fica
nt d
iffe
renc
es a
mon
g th
e
juri
sdic
tion
s bo
th i
n ph
ilo
sop
hy a
nd
in p
reci
se p
erm
it o
r co
ntro
l or
der
cond
itio
ns.
Man
y p
erm
it o
r
cont
rol
ord
er l
imit
s fo
cus
on p
hos
pho
rus
and
con
ven
tio
nal
poll
utan
ts,
but
oth
er r
equ
ire
men
ts o
f th
e
ame
nde
d Ag
ree
men
t, e
spec
iall
y th
ose
rela
ted
to p
ersi
sten
t to
xic
subs
tanc
es,
are
not
add
res
sed
in a
ny
com
pre
hen
siv
e or
coh
ere
nt m
ann
er.
Oth
er t
han
for
pho
sph
oru
s, t
he t
erm
isn
ot d
efi
ned
in t
he A
gre
e-
men
t; h
enc
e, t
here
is n
o c
omm
on
basi
s to
det
erm
ine
the
per
for
man
ce o
f mu
nic
ipa
l an
d in
dust
rial
disc
harg
ers
in th
e Gr
eat
Lake
s ba
sin.
To f
acili
tate
a co
mmo
n de
term
inat
ion
of p
oint
sour
ce p
erfo
rman
ce
amon
g the
Grea
t Lak
es ju
risdi
ction
s, th
e Wat
er Qu
ality
Boar
d re
comm
ends
to th
e Com
miss
ion
that:
o The jurisdictions develop and adopt a uniform set of benchmarks, with emphasis on persistent toxic
substances, for application to municipal and industrial discharges.
[Recommendation No. 8, page 12]
OBJECTIVES
The general, specific, and ecosystem objectives are yardsticks by which environmental problems in
the Great Lakes system are defined and progress measured. However, not all problems are adequately
addressed by the present range of objectives. Without appropriate objectives, it is difficult to incorpo-
rate these concerns into the regulatory agenda. The Water Quality Board recommends to the Commis-
sion that:
0 The Parties continue to develop and adopt ecosystem objectives to complement the specific and
ecosystem objectives presently contained in the amended Agreement.
[Recommendation No. 2, page 5]
The Supplement to Annex 1 calls for the Parties to compile and maintain three lists of candidate
substances for which objectives will be developed. The lists were to have been prepared by December
31, 1988, using agreed-to standard methods. The Water Quality Board recommends to the Commission
that:
0 The Parties expedite development of the completed lists, together with the standard methods used in
their compilation, for review by the Commission. [Recommendation No. 3, page 5]
 
 Although 12 new or revised specific objectives have been proposed for incorporation into the
Agreement, none have been adopted since 1978. To strengthen the basis by which environmental
problems are defined and progress measured, the Water Quality Board recommends to the Commission
that:
0 The Parties adopt the proposed Agreement objectives previously recommended by the Commission.
[Recommendation No. 4, page 5]
A specific objective has been proposed for 2,3,7,8-tetrachlorodibenzo—p—dioxin (TCDD). A number
of dioxins and furans have similar toxic properties, and their toxicity relative to 2,3,7,8-TCDD has been
established. The Water Quality Board recommends to the Commission that:
0 The Parties develop an objective, expressed as "TCDD toxicity equivalents,” for compounds that
exhibit toxicity similar to 2,3,7,8—TCDD. [Recommendation No. 5, page 5]
Speciﬁc, scientiﬁcally based objectives for contaminants in sediment do not exist. Such objectives
are particularly needed to decide how to deal with contaminated sediment in Areas of Concern and for
preparation of RAPs. Therefore, the Water Quality Board recommends to the Commission that:
0 The Parties develop objectives for contaminants in sediment for incorporation into Annex 1 of the
Agreement. [Recommendation No. 6, page 5]
PROCESS FOR DESIGNATION OF AREAS OF CONCERN
Inequities have become apparent when evaluating relative degradation of various geographic
areas. Often wide-ranging and diverse data sets exist for distinct areas in the basin, making compari-
sons difficult. Thus, evaluation of additional areas for designation as an Area of Concern necessarily
becomes subjective. The Water Quality Board recommends to the Commission that:
0 An equitable process be developed to comprehensively and objectively evaluate areas for designation as
Areas of Concern. [Recommendation No. 43, page 99]
GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN
The Great Lakes International Surveillance Plan (GLISP), first presented in the Board’s 1975
Report, was recommended as the model for developing a binational monitoring and surveillance
program. The current version of GLISP was distributed to the agencies and jurisdictions in spring 1986.
It consists of three volumes: an overview; the individual lake and connecting channel monitoring plans;
and detailed methodologies used for implementing components of the plan. Implementation is ex-
tremely important, in order to provide the necessary data to assess the state of the lakes and the con-
necting channels. The Board monitors the degree of implementation. The Board is concerned that the
surveillance and monitoring programs called for in GLISP are not all being implemented. This has
limited the Board’s ability to adequately assess the state of the Great Lakes. Therefore, the Water
Quality Board recommends to the Commission that:
0 The Parties place renewed emphasis on the implementation of the Great lakes International
Surveillance Plan and report to the Board in the fall of each year the extent to which the Plan was
implemented in the previous year and plans for implementation during the coming year.
[Recommendation No. 44, page 101]
The Report should be provided by the Parties in a standardized format.
Due to resource constraints on the Board’s budget, no progress was made in completing Volume II
(specifically, no monitoring plans exist for Lake Superior, St. Marys River, St. Clair River and Detroit
River) or developing Volume III. When resources become available, Volume II will be completed, and
then the development of common programs (those programs considered critical for determining spatial
and temporal trends) will be finalized for all lakes and connecting channels.
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1 INTRODUCTION
PURPOSE OF REPORT
This 1989 Report of the Great Lakes Water Quality Board to the International Joint Commission
presents the Board's assessment of the state of the Great Lakes and the Board’s evaluation of progress
toward restoration of the basin ecosystem.
BACKGROUND
The Great Lakes Water Quality Agreement, first signed in 1972, revised in 1978 and amended in
1987, commits Canada
and the United States, in cooperation with Ontario and
the eight Great Lakes
states, "to restore and maintain the chemical, physical, and biological integrity of the waters of the Great
Lakes Basin Ecosystem.”
The primary focus of the 1972 Agreement was amelioration of problems
resulting from phosphorus over—enrichment.
By 1978, the focus had shifted to persistent toxic sub-
stances.
The
1987 amendments
reaffirmed the commitment of the two federal governments,
the province,
and
the Great Lakes states to restoration, preservation, and protection of the Great Lakes; sharpened
the
focus of their responsibilities; and delineated the types of activities that needed to be undertaken.
In
particular, new
annexes were added
on Remedial Action Plans (RAPs) and Lakewide Management
Plans (LMPs), pollution from nonpoint sources, contaminated sediment, airborne toxic substances,
pollution from contaminated groundwater, and research and development.
The 1978 Agreement and its 1987 amendments commit the Parties to accomplish the activities
identified therein. The amendments also provide accountability:
beginning in December 1988, the
Parties will advise the Commission of their progress with respect to activities and programs identified in
the annexes, through biennial reports.
The Commission, in turn, is obligated to review and evaluate the
programs and progress of the Parties, and to provide its advice to the governments.
The Commission’s
advice is based largely on technical information and
advice from the Water Quality Board and the
Science Advisory Board.
By the terms of the 1978 Agreement, the Water Quality Board is the principal advisor to the
Commission.
The 1987 amendments did not alter the Board’s terms of reference, but additional pro-
grams
and measures incorporated into the Agreement by the Parties shifted the role of the Commission
strongly toward evaluation.
Accordingly, the Board reviewed its historic activities, strategy, and
priorities which had previously focused on a five-part management strategy:
0
The
Primary Track, which focused on
abatement and control of selected pollutants known
to
be persistent and toxic, and
known to be present in the Great Lakes ecosystem at levels of
concern.
0
The Comprehensive Track, which dealt with the many
chemicals reported to be present in the
Great Lakes ecosystem, but about whose environmental and human health hazard little or
nothing was known.
0
RAPs
for restoration of Areas of Concern.
0
Tracking and control of phosphorus.
0
Reporting on the state of the lakes and on indicators of ecosystem health.
In 1985 and
1987, the Board provided comprehensive reports to which the reader is referred for details
on these topics.
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1989 REPORT
This Report has four other chapters.
Cha
pte
r 2
- Re
vie
w of
Pro
gre
ss u
nde
r th
e Ag
ree
men
t - p
rov
ide
s th
e Bo
ard
’s e
val
uat
ion
of t
he
Part
ies’
sup
por
t of
, an
d co
mmi
tme
nt
to t
he A
gre
eme
nt.
The
eval
uati
on f
ocus
es o
n 11
key
issu
es.
Cha
pte
r 3
- Re
stor
atio
n - p
rov
ide
s th
e Bo
ard
’s e
valu
ati
on o
f pr
ogr
ess
und
er A
nne
x 2
wit
h re
gar
d
to R
APs
for A
reas
of C
once
rn,
LMP
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nd p
oint
sour
ce i
mpac
t zo
nes.
Deta
ils a
bout
envi
ronm
enta
l
prob
lems
and
impr
ovem
ents
, an
d ab
out
sche
dule
s for
comp
leti
on o
f inv
esti
gati
ons
and
for i
mple
ment
a-
tion of RAPs are provided in Appendix A.
Chap
ter 4
— Stat
e of t
he La
kes -
provi
des t
he Bo
ard’s
asse
ssme
nt of
the s
tate o
f the
lakes
, bas
ed on
surve
illan
ce an
d mon
itor
ing d
ata.
Thes
e dat
a are
prov
ided
to th
e Com
miss
ion
by th
e Par
ties
and t
he
juris
dict
ions
. To
help
ensu
re t
hat t
he r
equi
site
data
are
prov
ided
, Ch
apte
r 4 a
lso d
iscu
sses
the c
ondu
ct
of su
rveil
lance
and
moni
tori
ng pr
ogra
ms in
supp
ort o
f the
Great
Lake
s Int
ernat
ional
Surve
illan
ce Pl
an.
Chap
ter 5
— Tow
ard
the F
uture
- disc
usses
a ran
ge of
scient
ific a
nd ma
nage
ment
issue
s tha
t mus
t
be co
nside
red i
f the
goals
of th
e Agr
eeme
nt ar
e to b
e met
. Th
e cha
pter
also
specu
lates
on po
tenti
al
futur
e con
cerns
and
what
chan
ges i
n dir
ectio
n ma
y be
requi
red t
o pre
pare
for a
nd ef
fecti
vely
mana
ge
issue
s con
cern
ed wi
th th
e Gre
at La
kes B
asin
Ecos
yste
m in t
he 21
st cen
tury.
The
inten
t is n
ot to
prese
nt
defin
itive
answ
ers b
ut, r
ather
, to d
iscus
s iss
ues w
hich
are e
xpect
ed to
affec
t the
lakes
in th
e fut
ure.
SUPPORTING DOCUMENTATION
In addition to this report, four supporting reports have been prepared:
0 Appendix A - Progress in Developing and Implementing Remedial Action Plans for Areas of
Concern in the Great Lakes Basin.
0 Procedures for the Assessment of Contaminated Sediment Problems in the Great Lakes.
0 Options for the Remediation of Contaminated Sediments in the Great Lakes.
0 Report of the Municipal Pretreatment Task Force.
Copies are available from the Commission’s Great Lakes Regional Office in Windsor, Ontario.
2REVIEW
OF
PROGRESS
UNDER
THE
AGREEMENT
INTRODUCTION
The 1978 Agreement and its 1987 amendments commit the Parties and jurisdictions to undertake
specific activities delineated in the Agreement and its annexes. The amendments also commit the
Parties to advise the Commission about progress, through biennial reports commencing in December
1988.
In turn, the Commission is obligated to review and evaluate programs and progress and to
provide advice to governments.
In its role as principal advisor to the Commission, the Board has assessed progress under the
Agreement.
The Board’s evaluation is based on information from several sources, including:
0
The Parties’ reports of progress on implementation of the Agreement.
The first Canadian
report (1) was released February 8, 1989 and the first United States (2) report was officially
transmitted to the Commission on June 7, 1989.
0
The 1988 report of the Coast Guards to the Commission (3).
0
The Parties’ annual inventories of pollution abatement requirements, including compliance
and loading data, for all municipal and industrial facilities discharging into the Great Lakes
system.
0
The Parties’ Phosphorus Management Plans.
0
In-depth analysis by the Board of contaminant inputs and control programs for contaminated
sediment, atmospheric deposition, the pulp and paper industrial sector, and pretreatment of
industrial waste discharged to municipal sewerage systems.
The Parties have undertaken or proposed numerous activities to fulﬁll their requirements under
the Agreement. Their 1988 reports of progress describe numerous programs and their administration,
but the reports generally lack details about achievements and data that would provide an indication of
progress. Thus, the Board is unable to provide a comprehensive assessment of Parties’ progress or
evaluation of the adequacy of programs and measures to date.
The Board recognizes that the Parties’ programs and measures are at an early stage of develop-
ment for many of the activities called for in the 1987 amendments to the Agreement, and that the fruits
of these endeavours will become manifest with the passage of time.
In future Party reports, the Board
looks forward to more substantive information to describe and document progress to fulfill obligations
and achieve the goals of the Agreement.
Article IX stipulates that "the International Joint Commission shall be given at its request any data
or other information relating to water quality in the Great Lakes System in accordance with procedures
established by the Commission.”
In accordance with this requirement and to assist the Commission in
its evaluation of progress, the Water Quality Board recommends to the Commission that:
1.
The Parties provide the Commission with strategic information about their programs and progress
under the Agreement, including: specific program goals that relate to reduction in pollutant sources
and loadings; intermediate milestones; and time schedules to achieve these goals.
Although the requirements of the amended Agreement provide a suitable framework for provision
of information, the Board has not previously specified the strategic data and information required to
evaluate future reports of progress. In this chapter, the Board endeavours to provide initial guidance,
3
  
 in
cl
ud
in
g a
dv
ic
e o
n
di
re
ct
io
ns
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ini
tia
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es
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sh
ou
ld
be
un
de
rt
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en
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ce
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ou
t
ke
y d
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a a
nd
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Th
e
Bo
ar
d’
s
ev
al
ua
ti
on
an
d
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ce
fo
cu
s o
n
11
ke
y
is
su
es
:
0
Ob
je
ct
iv
es
, e
co
sy
st
em
he
al
th
in
di
ca
to
rs
, a
nd
hu
ma
n
he
al
th
ac
ti
on
lev
els
.
0
Mu
ni
ci
pa
l a
nd
ind
ust
ria
l p
ro
gr
am
s,
wi
th
par
tic
ula
r a
tte
nti
on
to
com
pli
anc
e,
pre
tre
atm
ent
pro
gra
ms,
the
pul
p a
nd
pap
er
ind
ust
ria
l s
ect
or,
an
d c
omb
ine
d s
ewe
r o
ve
rﬂ
ow
s a
nd
tre
at-
ment plant bypasses.
0 Control of phosphorus.
0
Dis
cha
rge
s f
rom
ves
sel
s a
nd
ons
hor
e/
off
sho
re
faci
liti
es.
0 Waste reduction, management, and disposal.
' Pollution from nonpoint sources.
0 Wetlands.
0 Contaminated sediment.
0
Airb
orne
toxic
subst
ances
.
j
0 Contaminated groundwater.
0 Data validity, access, and management.
Progr
ess r
egard
ing r
estor
ation
is inc
luded
in Ch
apte
r 3, a
nd pr
ogres
s reg
ardin
g the
state
of th
e lak
es is
detailed in Chapter 4.
OBJECTIVES
Annex 1 to the amended Agreement details specific water quality objectives "that the Parties
recognize as a maximum or minimum desired limit for a deﬁned body of water or portion thereof.” The
Supplement to Annex 1 calls for a process to review specific objectives and for development of new
specific objectives. The Supplement also commits the Parties and jurisdictions to the development of
lake ecosystem objectives. Annex 11 commits them to the development of "ecosystem health indicators
to assist in evaluating the achievement of specific objectives for the ecosystem.” Annex 12 commits the
Parties to establish action levels to protect human health. Presented below is the Board’s evaluation of
progress regarding these obligations in the Agreement.
DEFINITION OF ENVIRONMENTAL PROBLEMS
The general, specific, and ecosystem objectives are yardsticks by whichenvironmental problems in
the Great Lakes system are defined and progress measured. However, if problems are defined solely in
terms of whether or not objectives are met, the result is a misplaced sense of security, because problems
for which there are no adopted objectives, by deﬁnition, become non-problems. Development of specific
objectives which adequately address all environmental quality problems within the Great Lakes pose a
continuing challenge. Examples of problems that are not yet adequately addressed by specific objectives
include chemically induced chick-edema disease in colonial fish-eating birds and abnormalities in
snapping turtles. Also of concern are the potential environmental problems being defined by epidemi-
ologists as possible embryonic developmental defects in offspring of mothers in western Michigan who
ate Lake Michigan fish. Although there are fish consumption advisories, particularly for women of
childbearing age, there are no objectives concerning developmental effects per se. The potentially
impaired beneficial uses presented in Annex 2 identify other categories for which ecosystem objectives
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ma
y
be
appropriate.
Without
such
objectives,
it is
difficult
to
incorporate
these
concerns
into
the
regulatory agenda.
:
The
Water
Quality
Board
recommends
to
the
Commission
that:
2.
The
Parties
continue
to
develop
and
adopt
ecosystem
objectives
to
complement
the
speciﬁc
and
ecosystem
objectives
presently
contained
in
the
amended
Agreement.
S
T
A
N
D
A
R
D
M
E
T
H
O
D
S
A
N
D
LISTS
O
F
S
U
B
S
T
A
N
C
E
S
T
h
e
Supplement
to
A
n
n
e
x
1
calls
for
the
Parties
to
compile
a
n
d
maintain
three
lists
of
candidate
substances
from
which
objectives
will
be
developed.
The
lists
were
to
have
beenprepared
by
December
31,
1988,
using
agreed-to
standard
methods.
The
Water
Quality
Board
recommends
to
the
Commission
that:
3.
The
Parties
expedite
development
of
the completed
lists,
together
with
the
standard
methods
used
in
their
compilation,
for
review
by
the
Commission.
SPECIFIC OBJECTIVES
T
we
l
ve
n
e
w
or
revised
specific
objectives
have
been
proposed
for
incorporation
into
the
Agree-
ment,
s
o
m
e
dating
from
the
mid-19705;
eight
of
these
were
approved
by
the
Commission,
and
four
are
pending
Commission
endorsement.
These
were
summarized
in
the
1987
Report
of
the
Science
Advisory
Board
(29).
However,
the
Parties
have
not
adopted
any
n
e
w
or
revised
specific
objectives
since
the
signing
of
the
1978
Agreement.
To
strengthen
the
basis
by
which
environmental
problems
are
defined
and
progress
measured,
the
Water
Quality
Board
recommends
to
the
Commission
that:
4.
The
Parties
adopt
the
proposed
Agreement
objectives
previously
recommended
by
the
Commission.
A
specific
objective
has
been
proposed
for
2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD).
However,
a
n
u
m
b
e
r
of
other
dioxin
and
furan
congeners
have
toxic
properties
similar
to
2,3,7,8-TCDD.
Their
toxicity
relative
to
2,3,7,8—TCDD
has
been
used
as
the
basis
for
the
designation
of
the
term
"2,3,7,8-
T
C
D
D
toxicity
equivalents”;
a
n
um
b
e
r
of
O
E
C
D
countries,
including
Canada
and
the
United
States,
have
agreed
on
the
basis
for
the
numerical
values
for
these
equivalents.
The
Water
Quality
Board
r
e
c
o
m
m
e
n
d
s
to
the
C
o
m
m
i
s
s
i
o
n
that:
5.
The
Parties
develop
an
objective,
expressed
as
"
T
C
D
D
toxicity
equivalents,”
for
compounds
that
exhibit
toxicity
similar
to
2,3,7,8—TCDD.
T
h
e
presence
of
persistent
toxic
substances
in
sediment
remains
a
major
concern,
especially
in
Areas
of
Concern.
Sediments
can
function
as
a
source
of
pollutants
to
a
n
d
through
the
food
chain.
Appropriate
response
to
contaminated
sediment
is
a
major
issue,
especially
for
R
A
P
s
to
restore
Areas
of
Concern.
At
present,
the
Parties
and
jurisdictions
use
empirical
guidelines,
primarily
to
deal
with
the
disposal
of
contaminated
sediment.
Specific,
scientifically
based
objectives
for
contaminants
in
sediment
d
o
not
exist.
Such
objectives
are
particularly
needed
to
decide
h
o
w
to
deal
with
contaminated
sediment
in
Areas
of
Concern
and
for
preparation
of
RAPs.
Therefore,
the
Water
Quality
Board
recommends
to
the Commission that:
6.
The
Parties
develop
objectives for
contaminants
in
sediment
for
incorporation
into
Annex
1
of the
Agreement.
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A
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A
R
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S
In
1988,
the
Board
received
correspondence
and
a
presentation
from
public
interest
groups
about
the
need
to
ensure
that
the
specific
Agreement
objectives
are
considered
in
the
development
of
enforce-
able
water
quality
standards
for
persistent
toxic
substances.
The
specific
Agreement
objectives
are
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measures of ambient conditions which the Parties are committed to attain. In order to control sources of
the contaminant in question, it is necessary to link the objectives to remedial programs. In the United
States, this is done through adoption of water quality standards which, in turn, drive regulatory limits.
All state standards contain narrative prohibitions against the discharge of toxic substances in toxic
amounts. Increasingly, the states are adopting speciﬁc limits on each substance.
US. EPA regularly reviews the comparability of state standards and the specific Agreement
objectives. Recently, Michigan adopted a policy to prepare a review of provisions in comparison to
specific Agreement objectives. Also, Michigan DNR is preparing an analysis of the comparability of the
specific Agreement objectives with its state water quality standards and with its Rule 57 for point source
discharges. New York standards address 200 toxic substances, which are equal to or more stringent
than the speciﬁc objectives. Wisconsin has adopted new standards which call for water quality equal to
or better than the specific Agreement objectives; Wisconsin’s rules also specify how the standard’s
values are to be applied in developing discharge limits.
Under the Canada Ontario Agreement, federal and provincial pollution control programs are
undertaken to achieve the general and specific objectives of the Agreement.
The Memorandum
of Understanding among
the Great Lakes states and provinces for control of
toxic substances in the Great Lakes was
signed in June 1988.
It provides for the development of a list of
persistent toxic substances which should be controlled within each jurisdiction.
In response, the Great
Lakes state and provincial administrators agreed that after December 1988:
0
The
list of substances to be controlled would
consider both wastewater
efﬂuent
and
air
emission monitoring and
control programs being implemented
or planned
by
the states
and
provinces,
as well as the proposals for revision
of Agreement objectives
which may
be endorsed
by
the federal, state and
provincial governments,
or recommended
by
the
Commission.
0
The
lists of toxic substances
and
efﬂuent and
air emission
monitoring and
control programs
would
be annually
reassessed, revised and
reported to the governments.
M
U
N
I
C
I
P
A
L
A
N
D
I
N
D
U
S
T
R
I
A
L
S
O
U
R
C
E
S
COMPLIANCE
WITH
JURISDICTIONAL
REQUIREMENTS
Article VI
of the
amended
Agreement
mandates
the
Parties and
jurisdictions
to report
annually
on
compliance
of municipal
and
industrial discharges,
as
a
measure
of progress
to
control pollutants
from
point
sources.
Compliance
is defined
by
the
varied
requirements
of the
individual
jurisdictions
in
which
the
facility
under
consideration
is located.
\
The
Board
notes
that, although
a
review
of compliance
under
Article
VI
of the
amended
Agree—
ment
is appropriate,
the
variability
in
the
regulatory
structures
and
requirements
among
basin
jurisdic-
tions
precludes
any
direct
comparision
between
any
two
jurisdictions.
The
Board
has
attempted
to
address
the
need
for such
a
direct comparison
through
the
development
of
benchmarks
specific
to
the
basin.
The
concentration
limitation
on
phosphorus
discharges
from
municipal
plants
with
ﬂows
greater
than
3,800
m3/
d,
contained
in
the
Agreement,
has
proven
to
be
a
viable
benchmark;
an
illustration
of
its
utility
is given
in
the
phosphorus
discussion
later
in
this
section,
as
well
as
a
discussion
of
the
need
to
extend
development
of
the
benchmark
concept
to
other
contaminants.
The
Party
reports
(1,2)
submitted
by
the
two
federal
governments
contain
minimal
or
no
informa-
tion
on
industrial
and
municipal
compliance,
aside
from
data
on
phosphorus
sources
and,
in
the
case
of
Canada,
a
very
brief summary
table
on
major
facilities.
"Major"
is
undefined
in
the
case
of
industrial
sources
and,
for
municipal
facilities, a
definition
is
used
that
is
inconsistent
with
the
Board’s
definition.
In
this
latter case,
past
practice
by
the
Board
has
been
to
define
a
major
municipal
facility
as
one
having
an
average
annual
operating
ﬂ
o
w
in
excess
of
3,800
m3/d
(1
M
G
D
)
,
whereas
the
Canadian
definition
is
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adesign ﬂow
of 1 MIGD,
i.e. 54,500 m3/d.
Neither Party report offers
any
basis for determining
the
derivation or accuracy of compliance data
presented.
=
Canadian Sources
ME
Apart
from
the
Canadian
Party
report, Ontario
makes
available
to the
public
and
the
Commission
a
detailed
account
of
the
status of
all individual
municipal
sources in
the
province.
The
data
are
trans-
ferred
for
storage
in
STORET.
Included
in
the
individual
plant
summaries
are
monthly
averages
for
biochemical
oxygen
demand
(BOD),
suspended
solids,
and
total phosphorus,
as
well
as
a
monthly
average
of
daily
ﬂows.
Ontario
M
O
E
judges
compliance
on
a monthly
basis
for
phosphorus,
as
required
by
the
amended
Agreement,
and
on
an
annual
basis
for
B
O
D
and
suspended
solids.
Targets
for individ-
ual
facilities are
given;
in
the
case of
phosphorus,
this is generally
an
efﬂuent
concentration of
1 m
g
/L.
The
Commission
staff can
verify data
on
these
conventional
parameters
over
an
entire
year
for
any
particular
facility by
means
of
either
the
bound
annual
inventory
or
through
STORET.
Table
1
summarizes
noncompliance
of Ontario
industrial
and
major
municipal
dischargers
in the
Great
Lakes
basin
with
Ontario
M
O
E
requirements.
Of
the
103
Ontario
municipal
treatment
plants
defined
by
the
province
as
“major”
(design
ﬂows
greater
than
4,500
m3/d)
in the
Canadian
portion
of
the
Great
Lakes
basin,
61
were
out
of
compliance
with
one
or
more
Ontario
M
O
E
requirements
in
1986.
In
1987, considering
the
same
number
of
facilities, 50
were
out
of
compliance.
The
numbers
out
of
compliance
represent
a
significant increase
over
previous
years;
this could
demonstrate
the
impact
of
a
need
to comply
with
monthly
limits, rather than
the
annual
average
limits
used
as
the
basis
of
the
earlier
data
given
in
Table
1.
Further
detailed
discussion
of
compliance
with
phosphorus
requirements
is
provided later in this chapter.
A
major
concern
regarding
the available
compliance
data
is the
failure
to present
concentrations
or
loadings,
as
well
as
conditions
or
limits,
on
the
discharge
of other
contaminants
from
municipal
sources,
such
as
toxic and
persistent toxic substances.
Such
contaminants
have
been
the
focus
of the
Agreement
since
1978,
and
an
ongoing
assessment
of
the adequacy
of
control
programs
and
related
limits and
achievements
is necessary
if progress
in
meeting
the goal
of
zero
discharge of
persistent toxic
substances
is to be
determined.
It is anticipated
that the
Ontario
MISA
program
will
respond
to this
need
in the
next few years.
Industrial Sources
Ontario
also
supplies
information
for all industrial
facilities
discharging
directly
to the
waters
of
the
province.
The
report
contains
information
on
ﬂows
and
conventional
pollutants,
monthly
and
annual
average
pollutant loadings,
and
guidelines
or
requirements
for
each
source.
The
requirements
are
largely
legal instruments,
while
the
guidelines
may
be
those
of
the
provincial
or
federal
govern-
ments,
or
may
be
based
on
best
professional
judgement.
Data
on
pollutants
which
are
monitored
but
not limited
are
also
presented,
as
well
as
efﬂuent
toxicity
data
in
some
instances.
As
reﬂected
in
Table 2,
Ontario M
O
E
has
significantly
revised
its definition
of compliance
since
1985.
N
oncompliance
is now
expressed
in terms
of
the
number
of times
in
a
calendar
year
that
any
discharger
exceeds
any
efﬂuent
limit, be
that
limit
a
guideline
or
regulation.
Compliance
with
the
appropriate
limit is most
often
on
a monthly
basis.
On
this basis,
in
1986,
95
of
134
industrial
sources
did
not
meet
one
or
more
limits;
in
1987,
76
of
132
facilities
did
not
do
so.
In
considering
these
results,
the performance
of
industrial
point
sources
in
1986 and
1987 may
not
have
deteriorated
significantly in
comparison
to previous
years;
an
increase
in
the failure
of individual
sources
to
comply
is likely due
in
large part to
the
more
stringent
determination
on
a
monthly
basis.
Performance
on
an
annual
basis
for
1986
and
1987,
as
presented
in
the Canadian
Party
report,
is roughly
comparable
to
that achieved
in
the years
preceding
1986
(see Table
1).
 
 TABLE 1
NON
COM
PLI
ANC
E OF
ONT
ARI
O I
NDU
STR
IAL
AND
MAJ
OR
MUN
ICI
PAL
DIS
CHA
RGE
RS I
N TH
E G
REA
T LA
KES
BASI
N
WITH
ONTA
RIO M
OE R
EQUI
REME
NTS
1983
1984
1985
1986
1987
NO. O
UT
NO. OU
T
NO. O
UT
TOTA
L
OF C
OM-
TOTA
L
OF C
OM-
TOTA
L
OF C
OM-
TOTA
L
NO.
OUT
OF
TOTA
L
NO.
OUT
OF
REPO
RT
PLIA
NCE
REPO
RT
PLIA
NCE
REPO
RT
PLIA
NCE
REPO
RT
QQM
P A
NCE
REPO
RT
CQM
P
CE
(AN
NUA
L
(AN
NUA
L
(AN
NUA
L
(MO
NTH
LY
(AN
NUA
L
(MO
NTH
LY
(AN
NUA
L
on
BASIS
)
BASIS
)
BASIS
)
BASIS
)
BASIS
)
BASIS
)
BASIS
)
  
Munic
ipal
100
14
100
28
102
21
103
61
-
103
50
-
Indust
rial
99
43
105
45
103
46
134
95"
55
132
76"
39
              
" Mont
hly ba
sis: o
ne exc
eedanc
e or mo
re per
month
.
In the
case
of mun
icipa
litie
s, su
spend
ed so
lids,
BOD
and p
hosph
orus
are co
nside
red i
n det
ermin
ing c
ompli
ance;
for in
dustri
al so
urces
, sus
pende
d sol
ids an
dBO
D plu
s sele
cted m
etals
and-
other
conve
ntion
als ar
e con
sider
ed. T
he pr
ecise
param
eters
at any
given
indust
rial s
ource
are d
eterm
ined
by th
e ind
ividu
al cer
tifica
te.
 United States Sources
For compliance determinations, it has been the practice of US. EPA‘for the past several years to
submit a compilation of industrial and municipal dischargers in the Great Lakes basin for one quarter of
each water year (most recently June-August).
Included in this inventory are the facility name, location,
permit number, permit expiration date, compliance status and efﬂuent limit exceeded or reporting
requirement unmet.
This inventory gives some sense of the status of compliance of these sources, but offers no guid-
ance as to the accuracy of extrapolating these data to indicate point source performance over an entire
year. In addition, the level of detail regarding permit requirements and severity of exceedences is not
available. In the past, this latter issue could be addressed through a search for the appropriate facility in
the STORET data base; however, in 1986, US. EPA mandated the Great Lakes states to begin the storage
of this information on the Permit Compliance System (PCS).
In the process of initiating this system and
transferring data from it to STORET, no limits were stored for 1986, except for those from Michigan.
Similarly, no summary was made available to the Commission for water year (WY) 1986; thus the Board
is unable to make any comment on the status of compliance of United States point sources for that year.
Timely availability of requisite data is discussed later in this chapter.
Another difficulty with the United States compliance inventory is the inconsistency among juris-
dictions regarding the size of the reported discharger.
For example, in the Board’s 1987 Report (6), New
York reported on 54 municipal facilities for 1985 but 98 facilities in 1987.
Most of the 44 additional
plants were identified as having ﬂows between 380 and 3,800 m3/ d
and had not been reported on for at
least six years. In order to allow for consistency of reporting among jurisdictions and from year to year,
the Board recommends to the Commission that:
7.
All discharges be included in the Parties' compliance inventories so that the Board can determine the
relative significance of individual facilities.
The Board has been assured that the transfer of United States compliance information for all Great
Lake states to PCS has largely been completed and that these data for WY
1987 will be stored in
STORET.
Thus, although a summary for the final quarter of WY
1987 was received from US. EPA,
given the concerns regarding its limitations (some of which are developed in detail below) and the
unavailability of a complete and verified data set for 1987 on STORET, the Board cannot offer an in-
formed assessment of the state of point source compliance in the United States portion of the basin. This
situation must be redressed in the very near future.
As an example of some of the difficulties and concerns with extrapolating United States compli-
ance information from one quarter of the year to the entire year, the Board prepared Table 3, based on
unreviewed raw data on efﬂuent quality and permit limits for facilities in one state for WY
1987 and
final quarter compliance data made available through US. EPA.
This data set was selected because
compliance limits were available from STORET for 1987 and only three parameters (BOD, suspended
solids and phosphorus) were reported to be out of compliance; this limited the number of retrievals
necessary.
This table should only be viewed as an illustration of some of the concerns and not necessar—
ily definitive of the dimensions of the concerns.
Table 3 indicates that the violation rate established over a quarter of the year is roughly half that of
the annual violation or noncompliance rate. These data are "by pipe,” so a multipipe facility could have
more than one violation. Also Table 3 considers limits on parameter maximums as well as averages.
However, the violation rate should be roughly comparable to that obtained for the state from the US.
EPA compliance inventory, which indicated that, for municipals and industrials, the overall rate was
10%.
Based on this analysis, the Board concludes that extrapolation of compliance information from one
quarter to an entire year is not valid.
To further explore concerns regarding the quality of the United States compliance inventory, two
municipal facilities were considered in more detail.
The inventory indicated that both were in compli-
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TABLE 2
RE
PO
RT
ED
FR
EQ
UE
NC
Y
OF
NO
NC
OM
PL
IA
NC
E
WI
TH
ON
TA
RI
O
M
O
E
CO
NT
AM
IN
AN
T
RE
QU
IR
EM
EN
TS
AN
D
GU
ID
EL
IN
ES
FO
R
IN
DU
ST
RI
AL
PO
IN
T
SO
UR
CE
DI
SC
HA
RG
ES
TO
TH
E
GR
EA
T
LA
KE
S
BA
SI
N
  
EF
FL
UE
NT
NU
MB
ER
OF
TI
ME
S
NO
NC
OM
PL
IA
NC
E
RE
PO
RT
ED
L I M I T
EX
CE
ED
ED
19
83
19
84
19
85
19
86
*
19
87
*
Ph
os
ph
or
us
5
4
8
(1
1)
56
(7)
27
Biochemical Oxygen
De
ma
nd
13
15
20
(21
)
14
7
(21
)
17
5
Chemical Oxygen
De
ma
nd
1
1
2
(3)
12
Su
sp
en
de
d S
oli
ds
21
13
42
(50
)
241
(49
)
221
Phe
nol
s
9
9
13
(11
)
75
(12
)
69
Sol
ven
t E
xtr
act
s
2
2
3
(7)
15
(5)
10
Eth
er
Sol
ubl
e
-
-
-
Co
pp
er
2
2
-
(6)
18
(3)
13
Iro
n
3
2
7
(10
)
30
(11
)
39
Nic
kel
5
2
5
(9)
42
(8)
48
Zin
c
1
1
1
(4)
32
(3)
24
Le
ad
3
3
4
(2)
15
(1)
1
Ch
ro
mi
um
-
-
1
(1)
4
Ars
eni
c
-
-
2
(2)
8
(2)
4
Nitrogen - 1 1
Am
mo
ni
a
5
5
2
(10)
14
(4)
20
Nitrate 2 1 1
Total Kjeldahl
Nitrogen - 1 -
Sul
phi
de
1
-
-
(1)
4
Cya
nid
e
1
2
1
(1)
1
(3)
8
Sulphuric Acid - 1 -
TOT
AL
74
65
113
710
663
     
*Each monthly exceedance is counted as one; same source may have a number of
exceedances over the course of a year; number of sources is given in brackets.
ance
duri
ng th
is pe
riod.
Exam
inat
ion o
f the
data
revea
led t
hat F
acili
ty A
had
a ma
ximu
m tot
al ph
os-
phor
us c
once
ntra
tion
of 7.
86 m
g /L
in Ju
ne 1
987,
far i
n ex
cess
of th
e Ag
ree
men
t li
mit o
f 1 m
g/L
. Fa
cil-
ity B
had
aver
age p
hosp
horu
s con
centr
ation
s of 1
5.2 a
nd 10
.6 mg
/L in
July
and A
ugus
t 198
7, re
spec»
tively
; als
o in t
hese
mont
hs, t
his p
lant
repor
ted s
evera
l Vio
latio
ns of
BOD
and
susp
ende
d sol
ids li
mits.
The
Boar
d ma
kes
no ju
dgem
ent o
n the
se par
ticul
ar da
ta; h
owev
er, t
heir v
alidi
ty wo
uld
have
been
established, had a routine review of the reported data been conducted.
Alth
ough
this
is not
a com
plet
e exa
mina
tion
of th
e situ
ation
nor a
repre
senta
tive
samp
le of
facili
-
ties,
and
the d
ata a
re un
revi
ewed
, it d
oes r
aise s
evera
l que
stion
s abo
ut co
mpli
ance
repor
ting:
What
is
10
  
TABLE 3
QUARTERLY VS. YEARLY COMPARISON FOR DISCHARGES
IN ONE GREAT LAKES STATE, 1987
 
JUNE - AUGUST 1987 WATER YEAR 1987
PARA
METE
R
NUM
BER
OF
NUM
BER
OF
NUM
BER
OF
NUM
BER
OF
DETERMINATIONS VIOLATIONS DETERMINATIONS VIOLATIONS
BOD 173 27 (16%) 201 67 (33%)
Susp
ende
d Sol
ids
261
44
(17%)
296
92
(31 %)
Total
Phos
phor
us
45
12
(27%)
52
26
(50%)
    
the b
asis
for d
eter
mini
ng co
mpli
ance
? Sh
ould
comp
lian
ce su
mmar
ies b
e bas
ed on
annu
al or
quart
erly
data?
The
curso
ry ex
amin
atio
n abo
ve ra
ises s
ubsta
ntial
doub
t as
to th
e use
of ex
trapo
latio
ns. W
hat
about other contaminants, especially persistent toxic substances? The summary for the data set under
consi
derat
ion i
mplie
s tha
t all
limit
s for
toxic
s are
bein
g met
, bec
ause
viola
tions
are r
eport
ed on
ly fo
r
BOD, suspended solids and total phosphorus.
BASIS FOR MEASUREMENT OF COMPLIANCE
In or
der t
o eva
luate
progr
ess u
nder
Artic
le VI
, the
Boar
d req
uires
infor
matio
n abo
ut fe
deral
, stat
e,
and p
rovin
cial
statu
tory
requi
remen
ts, i
ndust
rial
efﬂue
nt re
gulat
ions,
and
perf
orma
nce i
nform
ation
abou
t Gre
at La
kes f
acilit
ies.
Notw
iths
tand
ing,
the B
oard
has c
oncer
ns ab
out t
he ad
equa
cy of
the
requ
irem
ents
and
regul
ation
s, bo
th in
term
s of t
he ef
ﬂuent
limit
s for
parti
cular
para
mete
rs an
d whe
ther
limits have been established for all parameters of concern.
The
fund
amen
tal q
uesti
on is,
what
does
"com
plia
nce"
mean
? Ot
her t
han f
or ph
osph
orus
, the
term
is not
defin
ed in
the A
gree
ment
; hen
ce, t
here
is no
comm
on b
asis
to de
term
ine t
he pe
rfor
manc
e of
municipal and industrial dischargers in the Great Lakes basin.
Past
repor
ts ha
ve me
asur
ed “c
ompl
ianc
e” wi
th th
e spec
ific
disch
arge
requ
irem
ents
for a
parti
cular
facili
ty, as
expr
esse
d in
a con
trol
order
or a
disch
arge
permi
t. H
owev
er,
there
are s
igniﬁ
cant
diffe
rence
s
amon
g the
juris
dicti
ons b
oth i
n phi
loso
phy a
nd in
preci
se pe
rmit
or co
ntrol
order
condi
tions
. Ma
ny
perm
it or
contr
ol or
der l
imits
focus
on p
hosp
horu
s and
conve
ntion
al po
lluta
nts,
but o
ther
requi
reme
nts
of th
e 197
8 Ag
reem
ent (
espec
ially
those
relat
ed to
persi
stent
toxic
subst
ances
) are
not a
ddre
ssed
in an
y
comp
rehe
nsiv
e or
coher
ent m
anne
r. F
urthe
r, ev
en w
hen
such
limit
s do
exist,
they
may
be in
adequ
ate,
e.g. e
xpre
ssed
as a
conce
ntrat
ion w
hen
a tot
al lo
ad li
mit is
also
requi
red.
In ad
ditio
n, it
is not
clear
whet
her t
hose
juris
dicti
onal l
imits
that
do ex
ist, w
hile
legal
ly en
force
able,
are c
onsis
tent
with
achie
ve-
ment of the Agreement objectives.
The
Boar
d not
es th
at ma
ny of
the s
urvei
llanc
e and
moni
tori
ng pr
ogra
ms ge
neral
ly as
socia
ted w
ith
Anne
x 11
and
GLIS
P are
neith
er de
sign
ed no
r int
ende
d to d
elive
r inf
ormat
ion t
o est
ablis
h com
plia
nce
(eve
n if t
he te
rm we
re de
fined
). Co
mpli
ance
data,
such
as th
ey ar
e, ar
e usu
ally
obtai
ned f
rom o
ther
juris
dicti
onal
prog
rams
whic
h, th
emse
lves
are a
lso li
mited
; this
is evi
dent
in th
e vir
tual
lack
of in
forma
-
tion
obta
ined
when
retri
evals
were
cond
ucte
d in
1987
for t
he Bo
ard’s
11 cr
itical
pollu
tants
. Th
e Par
ties
and
juris
dicti
ons s
houl
d ens
ure t
he de
velo
pmen
t and
cond
uct o
f pro
gram
s tha
t will
prov
ide t
he co
mpli-
ance information required by the Board.
To fa
cilita
te a c
ommo
n det
ermin
ation
of po
int s
ource
perf
orma
nce a
mong
the G
reat
Lake
s jur
isdic
-
tions, the Water Quality Board again recommends to the Commission that:
11
  
8.
Th
e j
uri
sdi
cti
ons
de
ve
lo
p a
nd
ad
op
t a
un
if
or
m s
et
of
be
nc
hm
ar
ks
, w
it
h e
mp
ha
si
s o
n p
ers
ist
ent
tox
ic
su
bs
ta
nc
es
, f
or
ap
pl
ic
at
io
n
to
mu
ni
ci
pa
l a
nd
in
du
st
ri
al
di
sc
ha
rg
es
.
Be
nc
hm
ar
ks
sh
ou
ld
re
ﬂe
ct
a m
ov
em
en
t
to
wa
rd
th
e u
lt
im
at
e g
oa
l o
f v
ir
tu
al
el
im
in
at
io
n o
f t
he
di
sc
ha
rg
e
of
pe
rs
is
te
nt
to
xi
c s
ub
st
an
ce
s a
nd
,
th
er
ef
or
e,
en
su
re
ad
eq
ua
te
pr
ot
ec
ti
on
of
all
pa
rt
s o
f t
he
Gr
ea
t L
ak
es
ec
os
ys
te
m
fr
om
an
y
si
gn
iﬁ
ca
nt
de
le
te
ri
ou
s i
mp
ac
t.
If
ad
op
te
d,
th
e B
oa
rd
wo
ul
d
re
qu
es
t t
ha
t t
he
ju
ri
sd
ic
ti
on
s a
ug
me
nt
th
e i
nv
en
to
ry
of
po
in
t s
ou
rc
e
di
sc
ha
rg
er
s
wi
th
a c
om
pa
ri
so
n o
f e
fﬂ
ue
nt
qu
al
it
y a
ga
in
st
th
es
e b
en
ch
ma
rk
s.
In
su
ch
re
po
rt
s,
th
e j
uri
s-
dic
tio
ns
wo
ul
d a
lso
be
as
ke
d t
o i
llu
str
ate
ho
w t
hei
r p
er
mi
ts
or
con
tro
l o
rd
er
s a
re,
or
wil
l b
ec
om
e c
ons
is-
te
nt
wi
th
, o
r g
o
be
yo
nd
th
e a
ch
ie
ve
me
nt
of
th
e a
bo
ve
no
te
d b
en
ch
ma
rk
s.
Est
abl
ish
men
t o
f t
hes
e b
en
ch
ma
rk
s a
nd
an
au
gm
en
te
d r
epo
rti
ng
sy
st
em
sh
ou
ld
res
ult
in
a m
or
e
obj
ect
ive
an
d b
al
an
ce
d v
ie
w o
f t
he
sta
tus
of
poi
nt
sou
rce
con
tro
l p
ro
gr
am
s t
hr
ou
gh
ou
t t
he
bas
in,
an
d
al
lo
w t
he
Bo
ar
d t
o d
ev
el
op
spe
ciﬁ
c r
ec
om
me
nd
at
io
ns
on
poi
nt
sou
rce
con
tro
ls
as
app
rop
ria
te
wi
th
the
ac
hi
ev
em
en
t o
f t
he
obj
ect
ive
s o
f t
he
Ag
re
em
en
t,
an
d e
spe
cia
lly
wi
th
reg
ard
to
per
sis
ten
t t
oxi
c s
ub-
sta
nce
s.
Th
e i
nte
nt
is t
o c
om
pa
re
per
for
man
ce
an
d t
o t
rac
k a
nd
do
cu
me
nt
imp
rov
eme
nts
.
If t
he
con
tam
ina
nt
of c
onc
ern
is a
per
sis
ten
t t
oxi
c s
ubs
tan
ce,
the
n t
he
goa
l o
f z
ero
dis
cha
rge
sho
uld
app
ly,
an
d s
om
e m
in
im
um
bas
eli
ne
lev
el
of t
rea
tme
nt
bas
ed
on
bes
t a
vai
lab
le
tec
hno
log
y (
BAT
) s
hou
ld
be mandatory.
PHOSPHORUS BENCHMARK EXAMPLE
The
Can
adi
an
Par
ty
rep
ort
sum
mar
ize
s a
nnu
al
com
pli
anc
e fo
r m
ajo
r On
tar
io
mun
ici
pal
tre
atm
ent
pla
nts
and
not
es
tha
t co
mpl
ian
ce
ros
e f
rom
45%
in 1
986
to 5
3%
in
198
7.
Thi
s is
an
enc
our
agi
ng
tre
nd,
esp
eci
all
y si
nce
a p
lan
t is
onl
y r
epo
rte
d t
o b
e i
n c
omp
lia
nce
if a
ll 1
2 o
f it
s re
por
ted
mon
thl
y a
ver
age
val
ues
wer
e e
qua
l to
or
less
tha
n 1
mg
/L.
How
eve
r,
it is
dif
ﬁcu
lt t
o c
omp
are
this
imp
rov
eme
nt
to
sim
ila
r U
nit
ed
Sta
tes
dat
a.
The
Can
adi
an
dat
a a
re b
ase
d o
n t
hos
e fa
cili
ties
wit
h de
sig
n ﬂ
ows
of m
ore
tha
n 1
MI
GD
(4,
500
m3/
d).
Uni
ted
Sta
tes
dis
cha
rge
rs
are
req
uir
ed
to m
eet
the
1 m
g/
L l
imi
t if
the
y a
re
des
ign
ed
for
ﬂow
s i
n ex
ces
s of
1 M
GD
(3,
800
m3/
d).
Wha
t i
s ne
ede
d i
s a
co
mm
on
ben
chm
ark
, s
uch
as
1 m
g/
L fo
r al
l ac
tual
dis
cha
rge
s of
3,80
0 m3
/d
or m
ore
on
a mo
nth
ly a
ver
age
basi
s.
 
TABLE 4
COMPARISON TOTHE PHOSPHORUS BENCHMARK”
1986 1987
JURI
SDIC
TION
# ACH
IEVI
NG
TOTA
L#
% ACH
IEVI
NG #
ACHI
EVIN
G
TOTA
L #
% ACH
IEVI
NG
BENCHMARKS OF PLANTS BENCHMARK BENCHMARKS OFPLANTS BENCI'IMARK
Ontar
io
29
99
29
33
95
35
Ohio 22 67 33 NA
Indiana 14 19 74 NA
Pennsylvania 0 2 0 1 2 50
Wisconsin 17 32 53 NA
Minnesota 3 4 75 2 4 50
New York 22 53 42 NA
Michigan 55 99 56 NA
US. Total 133 276 48
       
* Major discharges with actual ﬂow greater than 3,800 m3/d required to meet the 1 mg/L total phosphorus limit
on a monthly average basis.
NA = Not available for Commission review.
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To
sta
nda
rdi
ze t
he r
epor
ting
amo
ng
juri
sdic
tion
s, T
abl
e 4
com
par
es
Uni
ted
Stat
es a
nd C
ana
dia
n
dat
a f
or m
ajo
r f
acil
itie
s (u
sin
g ac
tual
ﬂow
s a
nd
the
Boa
rd
def
ini
tio
n of
"ma
jor
" o
f 3,
800
m3/
d) f
or
198
6
and
198
7 us
ing
the
ben
chm
ark
. O
n t
his
basi
s, a
6%
inc
rea
se
in p
erf
orm
anc
e w
oul
d b
e o
bse
rve
d fo
r
Ont
ari
o,
and
the
ove
ral
l ra
tes
are
low
er
(29
% a
nd
35%
, r
esp
ect
ive
ly)
. T
his
dif
fer
enc
e is
par
tly
due
to t
he
use
of d
esi
gn ﬂ
ows
ver
sus
actu
al ﬂ
ows
. I
f a
faci
lity
is o
per
ati
ng i
n ex
cess
of i
ts d
esi
gn c
apac
ity,
it is
mor
e li
kely
to b
e ou
t of
com
pli
anc
e.
Oth
er r
eas
ons
for
this
dis
cre
pan
cy i
nclu
de d
iffe
renc
es d
ue
to w
ate
r
yea
r vs
. ca
len
dar
yea
r r
epo
rti
ng,
rou
nd-
off
pro
ced
ure
s,
and
com
pli
anc
e d
efi
nit
ion
s.
The
est
abl
ish
men
t
of a benchmark removes these differences.
How
eve
r co
mpl
ian
ce
is de
fin
ed a
nd
repo
rted
, it
is cl
ear
that
the
mov
eme
nt
tow
ard
s a
ben
chm
ark
has
resu
lted
in i
mpr
ove
d p
hos
pho
rus
cont
rol
in t
he G
rea
t La
kes
basi
n.
For
exa
mpl
e, i
n W
Y 1
987
in
Ont
ari
o,
the
hig
hes
t a
nnu
al
ave
rag
e ﬂ
ow-
wei
ght
ed
con
cen
tra
tio
n o
f wa
ste
wat
er
tre
atm
ent
pla
nts
mee
tin
g th
e 1
mg
/L l
imit
on a
mon
thl
y ba
sis
was
0.84
mg
/ L.
Man
y pl
ants
ope
rat
e at
a le
vel
subs
tan—
tial
ly b
elo
w th
is,
pre
sum
abl
y to
all
ow f
or a
mar
gin
of e
rror
dur
ing
plan
t up
sets
. S
ome
plan
ts a
lso
emp
loy
oth
er
mea
ns
to a
tta
in e
ven
low
er
lev
els
due
to l
oca
l wa
ter
qua
lit
y c
ons
ide
rat
ion
s.
For
exa
mpl
e,
mun
ici
pal
was
tew
ate
r tr
eat
men
t pl
ants
dis
cha
rgi
ng t
o th
e Ba
y of
Qui
nte
mee
t 0.
5 mg
/L
on
an a
nnu
al
basis.
AS
SE
SS
ME
NT
OF
PR
ET
RE
AT
ME
NT
PR
OG
RA
MS
IN
THE
GR
EA
T L
AKE
S B
ASI
N
The
Gre
at L
ake
s su
ppo
rt a
pop
ula
tio
n in
exce
ss o
f 40
mill
ion
peop
le,
the
maj
ori
ty o
f wh
om
live
in
larg
e ur
ban
cent
res.
As
of 1
985,
ther
e we
re
1,19
9 mu
nic
ipa
l se
wag
e tr
eat
men
t pl
ants
wit
h a
tota
l hy
-
drau
lic
des
ign
cap
aci
ty o
f 19
.5 x
106
m3/
d (5
,150
US.
MGD
) i
n th
e ba
sin;
390
of t
hese
faci
liti
es a
re
con
sid
ere
d m
ajo
r,
wit
h d
esi
gn
cap
aci
tie
s in
exc
ess
of 3
,80
0 m
3/d
(1 M
GD)
.
Arti
cle
VI o
f th
e am
end
ed
Agr
eem
ent
call
s fo
r th
e “e
sta
bli
shm
ent
of p
ret
rea
tme
nt r
equ
ire
men
ts f
or
all
ind
ust
ria
l pl
ant
s d
isc
har
gin
g w
ast
e i
nto
pub
lic
ly o
wne
d t
rea
tme
nt
wor
ks
whe
re
suc
h i
ndu
str
ial
was
tes
are
not
ame
nab
le t
o ad
equ
ate
tre
atm
ent
or r
emo
val
usi
ng c
onv
ent
ion
al m
uni
cip
al t
rea
tme
nt
proc
esse
s.”
Acc
ord
ing
ly,
the
Boa
rd’
s Mu
nic
ipa
l Pr
etr
eat
men
t Ta
sk F
orc
e re
vie
wed
curr
ent
mun
ici
pal
pre
tre
atm
ent
pro
gra
ms i
n th
e Gr
eat
Lak
es b
asin
. T
his
exa
min
ati
on w
as t
o in
clu
de r
evi
ewi
ng a
nd
repo
rtin
g on
the
sign
ific
ant
feat
ures
of c
urre
nt m
uni
cip
al p
ret
rea
tme
nt p
rog
ram
s in
the
basi
n, p
arti
cu-
lar
ly t
hei
r co
ntr
ibu
tio
n t
o to
xic
sub
sta
nce
s co
ntr
ol,
wit
h e
mph
asi
s o
n t
he v
irt
ual
eli
min
ati
on o
f pe
rsi
ste
nt
tox
ic s
ubs
tan
ces
dis
cha
rge
s.
Str
ate
gie
s to
imp
rov
e c
urr
ent
pre
tre
atm
ent
con
tro
l p
rog
ram
s a
nd
the
com
pli
anc
e of
ind
ust
ria
l so
urc
es
sub
jec
t to
pre
tre
atm
ent
req
uir
eme
nts
wer
e t
o be
exa
min
ed.
In a
ddi
-
tion
, th
e ta
sk f
orce
was
cha
rge
d wi
th d
eve
lop
ing
an e
stim
ate
of t
he c
ontr
ibut
ion
of t
oxic
sub
sta
nce
s
(bo
th
met
als
and
org
ani
c c
hem
ica
ls)
rel
eas
ed
to t
he b
asi
n e
cos
yst
em
fro
m t
rea
tme
nt
pla
nts
via
atm
os-
pheric emissions, sludge disposal and efﬂuent discharges.
The
ana
lys
is,
fin
din
gs a
nd
rec
omm
end
ati
ons
of t
he t
ask
for
ce a
re s
umm
ari
zed
bel
ow;
det
ail
s ar
e
contained in their forthcoming report to the Board.
Estimation of Contribution of Selected Toxic Substances
In e
sti
mat
ing
the
tota
l re
leas
e of
toxi
c su
bst
anc
es t
o th
e Gr
eat
Lak
es b
asin
fro
m mu
nic
ipa
l wa
ste
-
wat
er
faci
liti
es v
ia a
tmo
sph
eri
c e
mis
sio
ns,
slu
dge
dis
pos
al,
and
efﬂ
uen
t di
sch
arg
es,
det
ail
ed
inf
orm
ati
on
on
plan
t de
sign
, tr
eat
men
t ca
pabi
liti
es a
nd
inﬂ
uen
t wa
ste
wat
er c
hara
cter
isti
cs w
as
ass
emb
led
for
app
rox
ima
tel
y 2
0%
of 1
,19
9 mu
nic
ipa
l p
lan
ts.
The
se
dat
a w
ere
use
d i
n co
nju
nct
ion
wit
h a
pre
dic
tiv
e
mod
el
and
est
ima
tes
of c
ont
ami
nan
t r
emo
val
ass
oci
ate
d wi
th
dif
fer
ent
typ
es
of t
rea
tme
nt
pla
nts
, to
est
ima
te c
onc
ent
rat
ion
s o
f se
lec
ted
con
tam
ina
nts
in r
aw
sew
age
, t
rea
ted
efﬂ
uen
ts
and
slu
dge
s f
rom
all
mun
ici
pal
faci
liti
es.
The
tota
l lo
adi
ngs
of s
ele
cte
d c
ont
ami
nan
ts
to t
he b
asi
n f
rom
mun
ici
pal
efﬂ
uen
ts
and
ass
oci
ate
d at
mos
phe
ric
emi
ssi
ons
and
slu
dge
dis
pos
al
pra
cti
ces
wer
e c
alc
ula
ted
(se
e Ta
ble
5).
The
se
rep
res
ent
an
est
ima
te o
f th
e e
mis
sio
ns
fro
m al
l as
pec
ts
rel
ate
d to
the
ope
rat
ion
of m
uni
cip
al
treatment plants in the basin.
In
su
mm
ar
y,
tot
al r
ele
ase
s o
f s
ele
cte
d t
oxi
c c
ont
ami
nan
ts
fro
m t
rea
tme
nt
pla
nts
in
the
Gre
at
Lak
es
bas
in
ran
ged
fro
m a
ppr
oxi
mat
ely
less
tha
n 1
t / a
of h
exa
chl
oro
ben
zen
e a
nd
tota
l P
CBs
to m
ore
tha
n 5
00
t /a
of c
hro
miu
m,
lea
d a
nd
zin
c f
or 1
985
. T
hes
e c
alc
ula
ted
rel
eas
es a
re c
ons
ide
red
"or
der
-of
-ma
gni
tud
e”
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 TABLE 5
ES
TI
MA
TE
OF
TO
TA
L
RE
LE
AS
E A
ND
ES
TI
MA
TE
D D
IS
TR
IB
UT
IO
N O
F C
ON
TA
MI
NA
NT
S F
RO
M
MU
NI
CI
PA
L
ST
Ps
IN
TH
E
GR
EA
T L
AK
ES
BA
SI
N
 
% OF TOTAL RELEASE EMITTED VIA
SLUDGE TOTAL RELEASE
CO
NT
AM
IN
AN
T
EFF
LUE
NT
ATM
OSP
HER
E
DIS
POS
AL"
(ton
nes
/yea
r)
Ars
eni
c
66
NS
34
19.
Ca
dm
iu
m
76
NS
24
26.
Ch
ro
mi
um
49
NS
51
640
.
Cop
per
43
NS
57
300
.
Cya
nid
e
73
NS
27
89.
Lea
d
59
NS
41
580.
Mer
cur
y
44
NS
56
2.7
Nic
kel
79
NS
21
130.
Zinc
51
NS
49
1300
.
Ben
zen
e
61
39
NS
2.4
Tol
uen
e
45
55
NS
42.
Ethy
lben
zene
31
69
NS
55.
Chl
oro
for
m
70
30
NS
34.
Tetr
achl
oroe
thyl
ene
36
64
NS
76.
Tric
hlor
oeth
ylen
e
58
42
NS
26.
1,1,
1-tr
ichl
oroe
than
e
49
51
NS
76.
Hexa
chlo
robe
nzen
e
NS
25
75
0.04
PCBs
(Tota
l)
50
NS
50
0.3
Phen
ol (T
otal)
94
NS
6
85.
2,3,7,8—Tetrachlorodibenzo-p-
diox
in (
TCDD
)
NE
NE
NE
NE
Tetra
chlor
odibe
nzofu
ran
NE
NE
NE
NE
Base-Neutral Extractable
PAHs
Anthracene NE NE NE NE
Naphthalene 53 20 28 28.
     
NE = No Estimate.
NS = Assumed to be not signiﬁcant.
a‘Via landfill or land application.
estim
ates
but g
enera
lly a
gree
with
quant
ities
calcu
lated
accor
ding
to lit
eratu
re va
lues
for e
fﬂuen
t and
sludge concentrations. An exception is benzene, which appears to be underestimated, based on com-
parison to literature values and to releases of other similar compounds. For three compounds (2,3,7,8-
TCDD, tetrachlorodibenzofuran, and anthracene), a credible estimate of the mass released from munici—
pal plants was not possible due to limitations in the current data base.
The task force suggested that, as part of a mass balance approach, the data files, model, and
treatment/ removal efficiencies developed for their report be routinely updated and expanded to
improve release estimates.
Pretreatment Programs in the United States - Federal Objectives and Framework
Pretreatment programs were designed to address four concerns within the sewage treatment
system: interference with the effective operation of the system; pass through of toxic contaminants to
receiving waters; contamination of municipal sludge by toxic substances; and exposure of treatment
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 plan
t wo
rke
rs t
o ch
emi
cal
haza
rds.
Gene
rall
y, u
nde
r th
e Na
tio
nal
Pre
tre
atm
ent
Pro
gra
m (N
PP)
, pl
ants
with
ﬂow
s la
rger
than
5 MG
D ar
e re
quir
ed t
o de
velo
p co
ntro
l pro
gram
s.‘
Othe
r fac
iliti
es m
ay b
e re-
quir
ed t
o me
et N
PP r
equi
reme
nts
beca
use
of t
reat
ment
plan
t ups
ets,
cont
amin
ated
slud
ge, o
r vio
lati
on
of efﬂuent permit limits.
The
Unit
ed S
tate
s pr
ogr
am h
as t
wo b
road
initi
ative
s: th
e co
ntro
l of
proh
ibit
ed d
isch
arge
s, w
hich
are
disc
harg
es o
f su
bsta
nces
that
coul
d th
reat
en t
he op
erat
ion
of th
e se
wage
coll
ecti
on a
nd t
reat
ment
sys
tem
; a
nd
cont
rol
of p
arti
cula
r in
dust
rial
cate
gori
es t
hat
dis
cha
rge
spec
ific
toxi
c co
nta
min
ant
s.
In t
he
latt
er c
ase,
cate
gori
cal
pre
tre
atm
ent
sta
nda
rds
dev
elo
ped
und
er t
he C
lea
n Wa
ter
Act
affe
ct 2
8 in
dust
rial
secto
rs.
Six o
f th
e ca
tego
ries
(ele
ctro
plat
ing,
meta
l fi
nish
ing,
elect
rical
and
elec
tron
ic c
ompo
nent
s,
copp
er f
ormi
ng,
alu
min
um f
ormi
ng,
and
coil
coat
ing
(can
-mak
ing
subc
ateg
ory
only
)) h
ave
a pre
trea
t-
men
t st
anda
rd e
stab
lish
ed fo
r tot
al to
xic o
rgan
ics
(TTO
). T
he T
TO i
s def
ined
as t
he s
um o
f th
e ma
sses
or c
once
ntra
tion
s of
spec
ific
toxi
c or
gani
c co
mpo
und
s fo
und
in th
e ind
ustr
ial u
ser’
5 pro
cess
disc
harg
e at
a concentration greater than 0.01 mg /L.
Esse
ntia
l el
emen
ts o
f a p
retr
eatm
ent
pro
gra
m ar
e de
velo
pmen
t an
d is
suan
ce o
f pe
rmit
s/ag
ree-
ment
s wit
h ind
ustry
; mai
nten
ance
of da
ta on
muni
cipa
l efﬂ
uents
; ins
pecti
on /m
onit
orin
g on
signi
fican
t
indus
trial
users
(SIUs
), in
cludi
ng di
rect
samp
ling
of th
eir w
aste
wate
r as n
ecess
ary;
enfo
rcem
ent o
f and
reme
dies
for n
onco
mpli
ance
; rep
ortin
g to t
he ap
prov
al au
thori
ty at
least
annua
lly o
n the
statu
s of
prog
rams
; and
perf
orma
nce o
f any
other
speci
al co
nditi
on re
quire
ments
. Typ
icall
y the
se ar
e car
ried
out
at the municipal level, and the state and US. EPA play oversight roles.
Typi
cal
muni
cipa
l tr
eatm
ent
plan
t pe
rmit
s ma
y co
ntai
n bo
th s
peci
fic c
onve
ntio
nal
and
nonc
on-
venti
onal
pollu
tant
efﬂue
nt li
mitat
ions
(freq
uentl
y bas
ed on
wate
r qua
lity
limit
ation
s) fo
r bot
h tox
ic an
d
nonc
onve
ntio
nal
poll
utan
ts, a
s we
ll a
s nar
rati
ve to
xicit
y lim
itat
ions
(e.g.
no t
oxic
s in
toxi
c am
ount
s),
and
whol
e efﬂ
uent
toxic
ity s
tanda
rds.
Howe
ver,
many
NPD
ES p
ermit
s do
not i
ncorp
orate
any s
ludg
e
crite
ria p
er se
. Sl
udge
requ
irem
ents
may
be c
onta
ined
in st
ate o
r fed
eral
regu
lati
ons
and
/or
stat
e-is
sued
slud
ge us
e or
dispo
sal l
imits.
Wher
e num
eric
al wa
ter q
ualit
y sta
ndard
s for
speci
fic t
oxic p
ollut
ants
are
in pl
ace,
plant
s mus
t dev
elop
appr
oxim
ate l
imits
in th
eir p
ermit
s. Ot
herwi
se, N
PDE
S per
mitti
ng
autho
ritie
s are
to us
e a c
ombi
nati
on of
biolo
gical
techn
iques
and
avail
able
toxic
effec
t dat
a to e
stabl
ish
efﬂue
nt li
mits.
Trea
tmen
t pla
nts t
hen d
evel
op lo
cal li
mits t
o ens
ure t
hese
targe
ts ar
e met
.
No
fund
amen
tal
chan
ges
to th
e Un
ited
Stat
es pr
etre
atme
nt p
rog
ram
are
plan
ned.
Howe
ver,
seve
ral
adju
stme
nts
will
be m
ade
in th
e co
min
g ye
ars,
incl
udin
g im
prov
emen
ts i
n inf
orma
tion
mana
ge—
ment
thro
ugh t
he Pe
rmit
Comp
lian
ce Sy
stem
(PCS)
; imp
rove
d con
trol
of ha
zard
ous m
ateri
als d
is-
char
ged t
o mun
icip
al tr
eatme
nt pl
ants
and
impr
oved
contr
ol of
toxic
ants
disch
arged
from
them
.
 
State Implementation
Ove
r 95
% of
the
pret
reat
ment
prog
rams
at in
divi
dual
Unit
ed S
tate
s Gr
eat
Lake
s mu
nici
pali
ties
are
now
appr
oved
; onl
y eig
ht in
Mich
igan
and
two
in Oh
io re
main
unap
prov
ed.
India
na, N
ew Y
ork,
and
Pennsylvania have not been delegated primary pretreatment program oversight.
Thre
e pri
mary
mech
anis
ms (
compl
iance
inspe
ction
s, pr
ogra
m aud
it, a
nd th
e sol
icita
tion
and
revi
ew o
f pe
riod
ic p
retr
eatm
ent
repo
rts)
are
avai
labl
e to
the s
tates
to e
nsur
e pr
ogr
am c
ompl
ianc
e. A
pret
reat
ment
comp
lian
ce i
nspe
ctio
n sh
ould
occu
r an
nual
ly.
A pr
ogr
am a
udit
is a
comp
rehe
nsiv
e re
view
by t
he st
ate o
f all
elem
ents
of th
e pr
etre
atme
nt p
rogr
am,
focu
sing
on t
he a
dequ
acy
of lo
cal l
imits
, the
effec
tiven
ess o
f con
trol
mech
anis
ms, a
nd th
e sui
tabil
ity of
admin
istra
tive
proce
dures
. Au
dits
occur
once
ever
y fiv
e yea
rs an
d are
usual
ly co
incid
ent w
ith N
PDE
S per
mit r
enewa
l. Sp
ecifi
c pro
gram
goals
and activities are negotiated annually between US. EPA and the state.
Tabl
e 6 s
umma
rize
s dat
a on
state
pretr
eatme
nt pr
ogra
ms in
the U
nite
d Sta
tes p
ortio
n of t
he Gr
eat
Lake
s bas
in. N
onco
mpli
ance
of SI
Us is
base
d on
defin
ition
s of
“non
comp
lian
ce” a
nd "
SIU"
large
ly
deve
lope
d by
indiv
idual
munic
ipali
ties;
thus
the n
onco
mpli
ance
data
shou
ld no
t be
consi
dered
dire
ctly
comp
arab
le b
etwe
en i
ndiv
idua
l tr
eatm
ent
plan
ts as
well
as ju
risd
icti
ons.
The
stat
es a
nd U
S.
EPA
want
to in
trodu
ce co
mpati
ble d
efini
tions
of th
ese t
erms
withi
n the
next
few
years
.
.15
  
TABLE 6
S
U
M
M
A
R
Y
O
F
P
R
E
T
R
E
A
T
M
E
N
T
P
R
O
G
R
A
M
S
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
S
T
A
T
E
S
1
MUNICIPAL
EACiLmrsIN
GREAT LAKES
BA
SI
NW
IT
H
us
. E
PA
PR
Er
RE
Ar
ME
NT
sr
Ar
Ez
DE
LE
GA
TE
D
PR
Er
RE
AT
ME
Nr
AP
PR
OV
ED
CO
MP
LI
AN
CE
PR
Er
RE
AT
ME
N'
r
ES
TI
MA
TE
D
PR
OG
RA
M
PR
OG
RA
MS
PR
OG
RA
MS
’
IN
SP
EC
TI
ON
?
Au
on
s
NO
NC
OM
PL
IA
NC
E‘
Ne
w
Yo
rk
N
O
31
25
32
24
2/
25
(8
%)
6
Mi
ch
ig
an
YE
S
11
6
10
8
16
71
44
16
1/
94
5
(1
7%
)7
Oh
io
YE
S
41
40
11
2
23
11
7/
82
0
(1
4%
)5
In
di
an
a
N
O
9
9
0
7
33
/2
83
(1
1 %
)5
Mi
nn
es
ot
a
YE
S
1
1
0
1
1 /
9
(1
1 %
)
Wi
sc
on
si
n
YE
S
11
11
8
6
1 1
9/
49
4
(2
4%
)5
'9
Pe
nn
sy
lv
an
ia
N
O
1
1
1
1
-8
        
1Some facilities inspected twice.
2I
ll
in
oi
s h
as
no
fa
ci
li
ti
es
wi
th
pr
et
re
at
me
nt
pr
og
ra
ms
di
sc
ha
rg
in
g
in
to
th
e b
as
in
.
3B
et
we
en
19
86
- M
ar
ch
19
88
in
th
e
Gr
ea
t L
ak
es
ba
si
n.
4C
om
pl
ia
nc
e
ba
se
d
la
rg
el
y o
n
in
di
vi
du
al
de
ﬁn
it
io
n b
y
th
e m
un
ic
ip
al
tr
ea
tm
en
t p
la
nt
.
5S
ta
te
wi
de
;
ot
he
r c
om
pl
ia
nc
e d
at
a
ar
e f
or
pl
an
ts
in
ba
si
n.
6B
as
ed
on
re
su
lt
s o
f i
ns
pe
ct
io
ns
an
d
au
di
ts
co
nd
uc
te
d s
in
ce
19
86
.
7M
aj
or
it
y o
f
no
nc
om
pl
ia
nt
SI
Us
we
re
lo
ca
te
d
in
th
e D
et
ro
it
tr
ea
tm
en
t
sy
st
em
;
bo
th
th
e
st
at
e a
nd
US
.
EP
A
ar
e
mo
vi
ng
to
ad
dr
es
s
ob
vi
ou
s
de
fi
ci
en
ci
es
in
th
e D
et
ro
it
pr
et
re
at
me
nt
pr
og
ra
m.
8Plant considered not significant.
9W
is
co
ns
in
op
er
at
es
un
de
r
th
e
mo
st
st
ri
ng
en
t d
ef
in
it
io
n
of
co
mp
li
an
ce
in
th
e
ba
si
n;
th
us
,
th
e
no
nc
om
pl
ia
nc
e
le
ve
l i
s
no
t
in
di
ca
ti
ve
of
th
e
co
mp
ar
at
iv
e
me
ri
t
of
th
at
st
at
e’
s p
ro
gr
am
,
wh
ic
h
is
am
on
g
th
e b
es
t
in
th
e b
as
in
.
Th
e
ta
sk
fo
rc
e r
ev
ie
w
in
di
ca
te
d t
ha
t,
al
th
ou
gh
th
e
fr
am
ew
or
k
fo
r a
n a
de
qu
at
e
pr
et
re
at
me
nt
pr
og
ra
m
is
in
pl
ac
e,
fu
rt
he
r r
es
ou
rc
es
at
th
e
mu
ni
ci
pa
l
an
d
st
at
e l
ev
el
ar
e n
ec
es
sa
ry
to
ad
eq
ua
te
ly
tr
ac
k
an
d
en
fo
rc
e p
re
tr
ea
tm
en
t
pr
og
ra
ms
.
De
ve
lo
pm
en
t
of
co
mm
on
de
fi
ni
ti
on
s o
f s
ig
ni
fi
ca
nt
no
nc
om
pl
ia
nc
e
an
d
SI
U,
de
pl
oy
me
nt
of
co
mp
ut
er
-b
as
ed
tr
ac
ki
ng
sy
st
em
s
at
th
e
lo
ca
l a
nd
st
at
e l
ev
el
, a
nd
fu
rt
he
r
tr
ai
ni
ng
of
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
op
er
at
or
s
sh
ou
ld
be
pa
rt
of
th
is
ini
tia
tiv
e.
Al
so
, t
he
fa
il
ur
e o
f s
om
e
mu
ni
ci
pa
l g
ov
er
nm
en
ts
to
pr
os
ec
ut
e p
re
tr
ea
tm
en
t p
ro
gr
am
vi
ol
at
or
s s
ho
ul
d b
e
rec
tif
ied
, a
nd
mu
lt
ij
ur
is
-
di
ct
io
na
l v
ar
ia
nc
es
in
re
qu
ir
em
en
ts
an
d
pr
oc
ed
ur
es
am
on
g
mu
ni
ci
pa
li
ti
es
re
so
lv
ed
.
Pretreatment Programs in Canada
Un
de
r
th
e F
is
he
ri
es
Ac
t,
Ca
na
da
pr
om
ul
ga
te
d
re
gu
la
ti
on
s a
nd
gu
id
el
in
es
on
al
lo
wa
bl
e w
as
te
wa
te
r
di
sc
ha
rg
es
fr
om
six
in
du
st
ri
al
se
ct
or
s i
n t
he
mi
d
19
70
3;
th
es
e r
ep
re
se
nt
ap
pr
ox
im
at
el
y 6
5%
of
th
e t
ota
l
in
du
st
ri
al
wa
st
ew
at
er
di
sc
ha
rg
e i
n C
an
ad
a.
Ho
we
ve
r,
th
e f
ed
er
al
go
ve
rn
me
nt
do
es
no
t a
ct
iv
el
y m
on
i-
to
r c
om
pl
ia
nc
e w
it
h F
is
he
ri
es
Ac
t r
eq
ui
re
me
nt
s u
nl
es
s a
pr
ov
in
ci
al
go
ve
rn
me
nt
re
qu
es
ts
it
to
do
so.
Th
us
, i
mp
le
me
nt
at
io
n o
f t
he
ex
em
pt
io
n c
la
us
e h
as
be
en
inc
ons
ist
ent
an
d u
nve
rif
ied
.
 
In
On
ta
ri
o,
th
e d
is
ch
ar
ge
of
in
dus
tr
ia
l,
co
mm
er
ci
al
an
d
in
st
it
ut
io
na
l w
as
te
s
to
tr
ea
tm
en
t p
la
nt
s i
s
re
gu
la
te
d b
y
mu
ni
ci
pa
li
ti
es
th
ro
ug
h t
he
us
e o
f a
n
In
du
st
ri
al
Wa
st
e S
ew
er
Us
e
By
la
w d
ev
el
op
ed
by
th
e
lo
ca
l l
ev
el
of
go
ve
rn
me
nt
un
de
r t
he
On
ta
ri
o M
un
ic
ip
al
Ac
t.
Ma
ny
of
th
e m
un
ic
ip
al
by
la
ws
ar
e b
as
ed
en
ti
re
ly
or
in
pa
rt
on
a M
od
el
Se
we
r
Us
e
By
la
w
of
19
75
, w
hi
ch
pr
es
cr
ib
es
li
mi
ts
fo
r c
on
ve
nt
io
na
l p
ol
lu
t-
an
ts
, m
os
t
me
ta
ls
, a
nd
a f
ew
or
ga
ni
c c
on
ta
mi
na
nt
s.
A
co
mp
re
he
ns
iv
e a
me
nd
me
nt
to
th
e b
yl
aw
wa
s
i
16
  
pub
li
sh
ed
lat
e i
n 1
988
an
d i
s u
nd
er
go
in
g r
ev
ie
w b
y m
uni
cip
ali
tie
s.
All
reg
ion
al m
uni
cip
ali
tie
s, d
istr
ict
mun
ici
pal
iti
es a
nd
mos
t ci
ties
, wh
ich
tota
l ap
pro
xim
ate
ly
80%
of t
he t
otal
loa
d to
Ont
ari
o t
rea
tme
nt
pla
nts
, ha
ve
imp
lem
ent
ed
som
e f
orm
of s
ewe
r u
se
con
tro
l pr
o-
gra
ms.
Pre
tre
atm
ent
by
ind
ust
ria
l us
ers
cur
ren
tly
foc
use
s o
n n
eut
ral
iza
tio
n, d
est
ruc
tio
n of
cya
nid
e,
and
pre
cip
ita
tio
n o
f me
tal
s; t
his
lev
el o
f tr
eat
men
t is
the
rul
e in
Ont
ari
o.
How
eve
r,
byl
aw
imp
lem
ent
ati
on
and
enf
orc
eme
nt
acti
viti
es i
n m
an
y s
mal
ler
tow
ns
and
vil
lag
es v
ary
mar
ked
ly,
and
is u
sua
lly
reﬂ
ect
ive
of t
he l
eve
l of
ind
ust
ria
liz
ati
on.
Sev
era
l s
mal
l mu
nic
ipa
lit
ies
hav
e n
o e
ffe
cti
ve e
nfo
rce
men
t p
rog
ram
s.
A d
eta
ile
d a
sse
ssm
ent
of a
num
ber
of O
nta
rio
tre
atm
ent
pla
nts
rev
eal
ed
ma
ny
of t
he s
ame
diff
icul
-
ties
fou
nd
in t
he U
nit
ed
Sta
tes
rev
iew
, n
ame
ly,
tha
t se
lec
tiv
e de
plo
yme
nt
of f
urt
her
res
our
ces
at t
he
mun
ici
pal
lev
el w
as
nec
ess
ary
to e
ffec
t ad
equ
ate
tra
cki
ng a
nd
enf
orc
eme
nt
of l
oca
l pr
etr
eat
men
t p
ro-
gra
ms.
Con
tin
ued
dev
elo
pme
nt
of a
co
mm
on
set
of c
rite
ria
wit
hin
the
fra
mew
ork
of a
com
pre
hen
siv
e
pre
tre
atm
ent
pro
gra
m at
the
pro
vin
cia
l le
vel
is v
ital
and
sho
uld
be
enc
our
age
d,
as w
ell
as d
epl
oym
ent
of c
omp
ute
r-b
ase
d t
rac
kin
g sy
ste
ms
and
fur
the
r tr
ain
ing
of m
uni
cip
al
and
ind
ust
ria
l op
era
tor
s at
the
loc
al l
evel
. A
lso
, th
e fa
ilu
re o
f so
me
mun
ici
pal
gov
ern
men
ts
to p
ros
ecu
te p
ret
rea
tme
nt
pro
gra
m v
iol
a-
tors should be rectified.
In s
umm
ary
, al
tho
ugh
ther
e is
con
sid
era
ble
effo
rt (
part
icul
arly
at t
he l
arge
r mu
nici
pali
ties
) to
imp
lem
ent
ind
ust
ria
l pr
etr
eat
men
t p
rog
ram
s c
omp
ara
ble
to t
hos
e at
tre
atm
ent
pla
nts
in t
he G
rea
t L
ake
s
stat
es,
the
re
is n
o c
omp
reh
ens
ive
, c
oor
din
ate
d pr
etr
eat
men
t p
rog
ram
ope
rat
ing
at t
he p
rov
inc
ial
lev
el a
t
this time.
In r
eco
gni
tio
n of
this
, un
der
MIS
A’s
Sew
er
Use
Con
tro
l P
rog
ram
, a
com
pre
hen
siv
e p
ret
rea
tme
nt
pro
gra
m is
und
er
dev
elo
pme
nt.
Ont
ari
o i
nte
nds
to p
rom
ulg
ate
the
nec
ess
ary
com
pli
anc
e r
egu
lat
ion
s b
y
1991. Features being considered include:
0
Cat
ego
ric
al p
ret
rea
tme
nt
reg
ula
tio
ns f
or 2
ind
ust
ria
l ca
teg
ori
es b
ase
d o
n B
est
Ava
ila
ble
Tec
hno
log
y (
Eco
nom
ica
lly
Ach
iev
abl
e),
wit
h a
n a
llo
wan
ce
for
mun
ici
pal
iti
es
to s
et m
ore
stringent "local limits” standards if required.
0
Reg
ula
tio
n e
nfo
rce
men
t b
y l
oca
l or
reg
ion
al m
uni
cip
ali
tie
s, w
ith
pro
vin
cia
l a
udi
tin
g of
municipal programs.
Und
er t
he p
rog
ram
, al
l mu
nici
pali
ties
wit
h se
wag
e co
llec
tion
sys
tem
s wi
ll a
lso
add
res
s to
xic
sub
sta
nce
s
discharged from domestic sources.
Task Force Findings and Recommendations
As
part
of a
nati
onal
init
iati
ve, j
uris
dict
ions
in t
he U
nit
ed S
tate
s po
rti
on o
f th
e ba
sin
hav
e pu
t
pro
gra
ms
in p
lace
that
res
pon
d to
the
pre
tre
atm
ent
req
uir
eme
nts
of A
rtic
le V
I of
the
ame
nde
d Ag
ree
-
ment.
The
Can
adi
an g
ove
rnm
ent
has
gene
ral
prov
isio
ns f
or t
he c
ontr
ol o
f di
sch
arg
es f
rom
sele
cted
indu
stri
es t
o mu
nic
ipa
l pl
ants
, bu
t th
eir
imp
act
has
not
bee
n ve
rifi
ed.
The
fede
ral
and
Ont
ari
o go
ver
n-
men
ts h
ave
con
tin
ued
to c
oop
era
te o
n th
e re
fin
eme
nt o
f a
mod
el s
ewe
r us
e by
law
for
vol
unt
ary
ado
p-
tion
or a
dap
tio
n by
Ont
ari
o mu
nici
pali
ties
. A
lth
oug
h th
ere
are
pre
tre
atm
ent
pro
gra
ms a
t th
e 35
maj
or
muni
cipa
liti
es o
r re
gio
ns i
n On
tari
o, t
hese
pro
gra
ms a
re n
eith
er u
nif
orm
nor
cent
rall
y ad
min
ist
ere
d an
d
can
not
be c
ons
ide
red
a ce
ntra
lize
d or
com
pre
hen
siv
e pr
etr
eat
men
t pr
ogr
am.
The
pro
vin
ce h
as r
ecog
-
niz
ed t
he n
eed
for
a co
mpr
ehe
nsi
ve a
nd u
nif
orm
pre
tre
atm
ent
pro
gra
m co
ord
ina
ted
at t
he p
rovi
ncia
l
leve
l. S
uch
a pr
ogr
am
is b
ein
g de
vel
ope
d by
Onta
rio,
and
mon
ito
rin
g of
mun
ici
pal
sys
tem
s re
ceiv
ing
industrial discharges will begin in 1990.
To
a gr
eat
exte
nt,
pro
gra
ms a
t th
e mu
nic
ipa
l le
vel
in b
oth
coun
trie
s re
mai
n fo
cus
ed o
n to
xic
met
als
and
rela
tive
ly f
ew
sele
cted
org
ani
c co
mpo
und
s.
In t
he U
nit
ed
Stat
es,
loca
l li
mits
are
a co
rne
rst
one
of a
n
effe
ctiv
e pr
ogr
am
and
are
a ne
ces
sar
y su
ppl
eme
nt t
o ca
tego
rica
l st
and
ard
s an
d pr
ohib
itio
ns.
Alt
hou
gh
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ad
eq
ua
te
id
en
ti
fi
ca
ti
on
of
ot
he
r t
ox
ic
or
ga
ni
c c
om
po
un
ds
,
pa
rt
ic
ul
ar
ly
th
os
e o
n
th
e P
ri
or
it
y P
ol
lu
ta
nt
lis
t,
is
no
w
la
rg
el
y c
om
pl
et
ed
, a
nd
im
pl
em
en
ta
ti
on
of
re
gu
la
ti
on
s f
or
th
ei
r c
on
tr
ol
is
co
nt
in
ui
ng
,
ce
rt
ai
n
ca
te
go
ri
ca
l s
ta
nd
ar
ds
ha
ve
no
t s
pe
ci
fi
ed
ma
jo
r t
ox
ic
or
ga
ni
c d
is
ch
ar
ge
s o
f p
ol
lu
ta
nt
s s
uc
h
as
me
th
yl
en
e
ch
lo
ri
de
, 1
,1
,1
-t
ri
ch
lo
ro
et
ha
ne
, t
ol
ue
ne
, a
nd
et
hy
l b
en
ze
ne
.
Ma
jo
r
in
du
st
ri
al
so
ur
ce
s o
f t
he
se
un
re
gu
-
la
te
d p
ol
lu
ta
nt
s i
nc
lu
de
th
e p
ha
rm
ac
eu
ti
ca
l,
eq
ui
pm
en
t
ma
nu
fa
ct
ur
er
, a
nd
pe
tr
ol
eu
m r
ef
in
in
g i
nd
us
-
tries.
In
On
ta
ri
o,
th
e M
IS
A
re
vi
ew
of
pr
et
re
at
me
nt
re
qu
ir
em
en
ts
wil
l a
dd
re
ss
co
nt
ro
l o
f a
nu
mb
er
of
pri
ori
ty
pol
lut
ant
s,
in
cl
ud
in
g t
oxi
c o
rg
an
ic
sub
st
an
ce
s.
Th
e p
ro
po
se
d O
nt
ar
io
MI
SA
pr
og
ra
m a
pp
ea
rs
to
me
et
the
int
ent
of
the
Ag
re
em
en
t a
nd
sh
ou
ld
est
abl
ish
a u
nif
orm
, c
ohe
ren
t a
nd
eff
ect
ive
pro
vin
cia
l
pretreatment program.
In
the
Un
it
ed
Sta
tes
por
tio
n o
f t
he
bas
in,
NP
DE
S
per
mit
s e
sta
bli
sh
wa
te
r q
ual
ity
lim
its
for
tox
ic
sub
sta
nce
s;
ho
we
ve
r,
cur
ren
t h
um
an
hea
lth
con
sid
era
tio
ns
are
not
inc
orp
ora
ted
int
o e
ver
y s
tat
e’s
wa
te
r
qua
lit
y s
tan
dar
ds.
La
ck
of
a c
om
pa
ra
bl
e s
tan
dar
d d
efi
nit
ion
of
sig
niﬁ
can
t n
on
co
mp
li
an
ce
at
the
mun
ici
-
pal
an
d s
tat
e l
eve
l d
oes
not
all
ow
for
a p
rec
ise
com
par
iso
n o
f p
ro
gr
am
per
for
man
ce
am
on
g t
he
Gre
at
Lakes states.
Mo
st
of
the
Uni
ted
Sta
tes
mun
ici
pal
tre
atm
ent
pla
nts
ha
d s
uff
ici
ent
leg
al
aut
hor
ity
to
ope
rat
e t
hei
r
pro
gra
ms
eff
ect
ive
ly;
how
eve
r,
res
our
ces
are
a k
ey
fac
tor
in
the
eff
ect
ive
nes
s o
f a
pre
tre
atm
ent
pr
og
ra
m
for
suc
h ac
tivi
ties
as o
per
ato
r t
rai
nin
g, i
nsp
ect
ion
and
mon
ito
rin
g, e
nfo
rce
men
t,
or
dat
a m
ana
gem
ent
. A
num
ber
of p
rog
ram
s id
ent
ifi
ed v
ery
sig
nif
ica
nt r
eso
urc
e c
onc
ern
s.
The
tas
k fo
rce
ide
nti
fie
d a
nee
d f
or a
sig
nif
ica
nt l
eve
l of
edu
cat
ion
and
ass
ist
anc
e at
the
mun
ici
pal
lev
el (
inc
lud
ing
leg
al s
taff
s) t
hro
ugh
out
the
bas
in t
o m
ake
cur
ren
t a
nd
pro
pos
ed
pro
gra
ms
com
ple
tel
y
effective.
So
me
tra
ini
ng o
f go
ver
nme
nt
and
ind
ust
ria
l tr
eat
men
t p
lan
t op
era
tor
s ex
ists
, b
ut
the
nee
d fo
r a
n
exp
and
ed
effo
rt w
as
app
are
nt.
Ind
ust
ria
l m
ana
gem
ent
ma
y n
ot b
e f
ully
awa
re
of a
ll t
he b
ene
fit
s ob
tai
n-
able through operator training and education.
The
will
ingn
ess
of s
ome
loca
l go
ver
nme
nts
in t
he b
asi
n to
pur
sue
pro
sec
uti
ons
for
sign
ific
ant
viol
atio
ns o
f cu
rren
t re
gula
tion
s an
d re
qui
rem
ent
s is
a ma
tte
r of
conc
ern.
Suc
h ac
tion
s ar
e fr
eque
ntly
ham
per
ed b
y th
e ab
sen
ce o
f an
app
rop
ria
te a
nd e
stab
lish
ed e
nfo
rce
men
t po
licy
and
spec
ifie
d pr
oce-
dure
s.
*
Seve
ral
aud
ite
d pr
etr
eat
men
t pr
ogr
ams
face
d mu
ltij
uris
dict
iona
l en
for
cem
ent
issu
es.
Lac
k of
reso
luti
on i
n su
ch s
itua
tion
s co
uld
resu
lt i
n a
fail
ure
to t
ake
enf
orc
eme
nt a
ctio
n ag
ains
t in
dust
rial
user
s
out
sid
e th
e bo
und
ari
es o
f th
e mu
nic
ipa
lit
y wh
ere
the
tre
atm
ent
plan
t is
loca
ted.
As f
urth
er r
efin
emen
ts o
ccur
in in
dust
rial
pret
reat
ment
, th
e vo
lum
e of
toxi
c ma
teri
als
in do
mest
ic
wastewater will take on relatively more signiﬁcance.
Gene
rall
y, p
rog
ram
s ha
d co
llec
ted
ade
qua
te d
ata
to a
llo
w ch
arac
teri
zati
on o
f pr
ogr
am
deli
very
;
howe
ver,
an i
nord
inat
e lev
el o
f eff
ort w
as f
requ
entl
y re
quir
ed t
o do
so.
Deve
lop
men
t of
elec
tron
ic
data
base
s at
the
loca
l lev
el w
oul
d si
mpli
fy t
rack
ing
and
revi
ew b
y all
leve
ls of
gove
rnme
nt.
Water Quality Board Commentary
The
Boa
rd b
elie
ves
that
pre
tre
atm
ent
may
be a
ppr
opr
iat
e fo
r de
gra
dab
le o
r tr
eata
ble
toxi
c su
b-
stan
ces,
but
the
focu
s for
pers
iste
nt to
xic s
ubst
ance
s sh
ould
rema
in p
reve
ntin
g th
e ge
nera
tion
of th
ese
substances and prescribing their entry into the waste stream.
The
task
forc
e ha
s in
dica
ted
that
a co
mpr
ehe
nsi
ve p
ret
rea
tme
nt p
rog
ram
has
bee
n es
tabl
ishe
d in
the
Unit
ed S
tate
s por
tion
of th
e bas
in,
as w
ell
as lo
cal p
rogr
ams
of m
erit
in th
e On
tari
o po
rtio
n al
ong
with
a co
mmi
tme
nt t
o de
velo
p a c
ompr
ehen
sive
, ce
ntra
lize
d pr
ogr
am i
n th
e ne
xt s
ever
al ye
ars.
The
i
18
 Bo
ar
d w
ill
co
nt
in
ue
to
tra
ck
th
e d
el
iv
er
y o
f t
he
se
pr
og
ra
ms
th
ro
ug
h t
he
va
ri
ou
s d
at
a b
as
es
in
pl
ac
e o
r
un
de
r d
ev
el
op
me
nt
in
th
e b
asi
n.
Th
e B
oa
rd
wi
sh
es
to
be
as
su
re
d t
hat
da
ta
for
in
di
vi
du
al
fac
ili
tie
s
in
cl
ud
in
g p
ar
am
et
er
s m
on
it
or
ed
for
, t
he
fi
nd
in
gs
fr
om
su
ch
stu
die
s,
ef
ﬂu
en
t l
imi
ts
est
abl
ish
ed,
co
mp
li
-
an
ce
wi
th
the
se
lim
its
, a
nd
a f
irm
sch
edu
le
for
ad
op
ti
on
an
d e
sta
bli
she
d p
ro
ce
du
re
s f
or
en
fo
rc
em
en
t o
f
re
gu
la
ti
on
s w
ill
be
ava
ila
ble
, s
ho
ul
d i
t w
is
h t
o r
ev
ie
w p
ro
gr
es
s i
n t
his
are
a.
Th
e W
at
er
Qu
al
it
y B
oa
rd
re
co
mm
en
ds
to
th
e C
om
mi
ss
io
n t
hat
:
9.
The
Par
tie
s,
in
coo
per
ati
on
wit
h t
he
sta
te
an
d p
rov
inc
ial
gov
ern
men
ts,
acc
ele
rat
e t
he d
eve
lop
men
t o
f
coo
rdi
nat
ed
pre
tre
atm
ent
pro
gra
ms
(in
clu
din
g s
tan
dar
ds
to a
ddr
ess
loca
l c
onc
ern
s a
nd
imp
air
men
ts)
an
d c
om
mo
n
me
as
ur
es
of
com
pli
anc
e,
an
d p
rov
ide
the
res
our
ces
nec
ess
ary
to
eff
ect
ive
ly
im
pl
em
en
t
these programs.
OV
ER
VI
EW
OF
TH
E
PU
LP
AN
D
PA
PE
R
SE
CT
OR
Discharges of Conventional Pollutants
As
in
pre
vio
us
Bo
ar
d r
epo
rts
, t
he
dis
cha
rge
of
con
ven
tio
nal
pol
lut
ant
s b
y t
his
ind
ust
ry
sec
tor
is
gi
ven
spe
cia
l a
tte
nti
on.
Th
e p
ul
p a
nd
pa
pe
r i
ndu
str
y r
em
ai
ns
a s
ign
ifi
can
t s
our
ce
of
con
ven
tio
nal
po
ll
ut
an
ts
to
th
e G
re
at
La
ke
s b
asi
n.
In
On
ta
ri
o,
thi
s i
ndu
str
ial
sec
tor
is
th
e l
arg
est
co
nt
ri
bu
to
r o
f B
OD
loa
din
gs,
ac
co
unt
in
g f
or
ap
pr
ox
im
at
el
y 8
0%
of
the
tot
al
rel
eas
ed
by
all
ind
ust
rie
s d
isc
har
gin
g d
ire
ctl
y t
o
th
e w
at
er
s o
f t
he
Ca
na
di
an
po
rt
io
n o
f t
he
bas
in.
Lo
ad
in
gs
of
BO
D
an
d s
us
pe
nd
ed
sol
ids
ex
ce
ed
th
os
e
fr
om
On
ta
ri
o m
un
ic
ip
al
tr
ea
tm
en
t p
lan
ts,
an
d i
n t
he
ca
se
of
BO
D
by
a v
er
y s
ign
ifi
can
t m
ar
gi
n.
Th
e
de
le
te
ri
ou
s h
ist
ori
cal
im
pa
ct
of
pu
lp
an
d p
ap
er
ef
ﬂu
en
ts
ar
e c
lea
rly
ev
id
en
t i
n 1
4 o
f t
he
42
Ar
ea
s o
f
Concern.
As
no
te
d i
n t
he
19
87
Bo
ar
d r
ep
or
t (
6),
de
cr
ea
se
s c
on
ti
nu
e f
or
tot
al
su
sp
en
de
d s
oli
ds
(F
ig
ur
e 1
) a
nd
BO
D
(F
ig
ur
e 2
),
ex
ce
pt
in
Mi
ch
ig
an
.
Th
e r
ec
en
t i
ncr
eas
es
in
lo
ad
in
gs
fr
om
Mi
ch
ig
an
so
ur
ce
s a
re
du
e
par
tia
lly
to
a n
ew
ly
op
er
at
io
na
l m
ill
(C
ha
mp
io
n I
nte
rna
tio
nal
) a
nd
to
a v
ari
ati
on
in
re
po
rt
in
g b
y M
ic
hi
-
ga
n,
di
sc
us
se
d b
el
ow
.
Th
e i
mp
ro
ve
me
nt
s n
ot
ed
ar
e s
ma
ll
er
th
an
in
pr
ev
io
us
yea
rs;
so
me
jur
isd
ict
ion
s
report no improvements since 1985.
A
di
ch
ot
om
y a
mo
ng
jur
isd
ict
ion
al
da
ta
be
ca
me
ev
id
en
t i
n 1
987
.
So
me
mil
ls
in
Ne
w
Yo
rk
an
d
Mi
ch
ig
an
ha
ve
ef
ﬂu
en
t l
imi
ts
for
ma
xi
mu
m
lo
ad
in
g o
nly
.
Th
es
e l
oa
di
ng
da
ta
ar
e n
ot
co
mp
ar
ab
le
wi
th
da
ta
fr
om
th
e o
th
er
fac
ili
tie
s,
wh
ic
h a
re
re
qu
ir
ed
to
re
po
rt
av
er
ag
e l
oa
di
ng
s.
Th
er
ef
or
e,
th
e W
at
er
Qu
al
it
y B
oa
rd
re
co
mm
en
ds
to
th
e C
om
mi
ss
io
n t
hat
:
10.
All
pu
lp
an
d p
ap
er
mil
ls
rep
ort
ave
rag
e m
on
th
ly
loa
din
gs
eve
n i
f th
eir
dis
cha
rge
lim
its
are
exp
res
sed
in
terms of maximums.
Th
e p
er
fo
rm
an
ce
of
in
di
vi
du
al
mil
ls
for
19
87
is
su
mm
ar
iz
ed
in
Ta
bl
e 7
, a
lo
ng
wi
th
tot
al
lo
ad
in
g b
y
la
ke
bas
in.
La
ke
Su
pe
ri
or
co
nt
in
ue
s t
o r
ec
ei
ve
by
far
th
e g
rea
tes
t l
oa
di
ng
of
BO
D
an
d t
ota
l s
us
pe
nd
ed
sol
ids
; t
wo
mil
ls
(G
re
at
La
ke
s F
or
es
t P
ro
du
ct
s a
nd
Ki
mb
er
ly
-C
la
rk
of
Ca
na
da
) c
on
tr
ib
ut
e o
ve
r h
alf
th
e
load for both parameters.
Th
e m
aj
or
re
as
on
di
sc
ha
rg
es
of
co
nv
en
ti
on
al
po
ll
ut
an
t l
oa
di
ng
s t
o t
he
ba
si
n f
ro
m O
nt
ar
io
pu
lp
an
d
pa
pe
r m
ill
s c
on
ti
nu
e t
o b
e o
f s
uc
h r
ela
tiv
e s
ign
ifi
can
ce
is
tha
t i
n g
ene
ral
, s
ec
on
da
ry
ef
ﬂu
en
t t
re
at
me
nt
is
no
t r
eq
ui
re
d i
n O
nt
ar
io
MO
E
co
nt
ro
l o
rd
er
s a
pp
li
ed
to
th
es
e s
our
ces
.
Th
is
is
no
tw
it
hs
ta
nd
in
g t
he
fac
t
tha
t,
in
ad
di
ti
on
to
a r
ed
uc
ti
on
in
th
e d
is
ch
ar
ge
of
co
nv
en
ti
on
al
pol
lut
ant
s,
ap
pl
ic
at
io
n o
f s
ec
on
da
ry
bio
log
ica
l t
re
at
me
nt
pr
oc
es
se
s (
su
ch
as
ac
ti
vat
ed
sl
ud
ge
sy
st
em
s)
wo
ul
d a
lso
sub
sta
nti
all
y r
ed
uc
e t
he
di
sc
ha
rg
e o
f t
oxi
c o
rg
an
ic
ma
te
ri
al
fr
om
ch
lo
ri
na
te
d b
le
ac
hi
ng
pro
ces
ses
, a
s d
is
cu
ss
ed
be
lo
w.
Th
er
ef
or
e,
th
e W
at
er
Qu
al
it
y B
oa
rd
re
co
mm
en
ds
to
th
e C
om
mi
ss
io
n t
hat
:
11.
Th
e r
edu
cti
on
of
con
ven
tio
nal
pol
lut
ant
s a
nd
tox
ic
sub
sta
nce
s i
n e
ffl
uen
ts
fr
om
pu
lp
an
d p
ap
er
mil
ls
be
acc
ele
rat
ed
by
inc
orp
ora
tin
g s
ec
on
da
ry
efﬂ
uen
t t
rea
tme
nt
an
d o
the
r i
n—p
lan
t o
r p
roc
ess
mod
ifi
cat
ion
s
for
wa
st
e
rec
ove
ry,
red
uct
ion
, o
r r
ecy
cli
ng
at
the
se
sou
rce
s.
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 Chl
ori
nat
ed
Org
ani
cs
in
Pul
p a
nd
Pap
er
Mil
l E
fﬂu
ent
s
As
des
cri
bed
in p
rev
iou
s re
port
s of
the
Wat
er Q
ual
ity
Boa
rd (
6,8)
,Ief
ﬂuen
t fr
om t
he p
ulp
and
pap
er i
ndu
str
y is
a si
gnif
ican
t so
urc
e of
bot
h co
nve
nti
ona
l co
nta
min
ant
s an
d to
xic
mate
rial
to t
he w
ate
rs
of t
he G
rea
t La
kes
basi
n.
A s
peci
al s
tud
y of
this
indu
stri
al s
ecto
r by
the
Boa
rd i
n 19
81 d
ete
rmi
ned
a
nee
d to
furt
her
iden
tify
and
red
uce
or r
emo
ve
hal
oge
nat
ed o
rga
nic
s an
d ot
her
pers
iste
nt t
oxic
sub-
stan
ces
in p
ulp
and
pap
er e
fﬂu
ent
s (9
). E
xte
nde
d us
e of
bio
mon
ito
rin
g a
nd
the
subs
titu
tion
of c
hlor
ine
dio
xid
e fo
r ch
lor
ine
in t
he b
lea
chi
ng
pro
ces
s w
as
als
o r
eco
mme
nde
d i
n th
at r
epo
rt.
The
mos
t re
cent
det
erm
ina
tio
ns o
f th
e qu
alit
y of
that
efﬂ
uen
t sh
ows
it to
cont
ain
a si
gnif
ican
t
amo
unt
of p
ersi
sten
t to
xic
con
tam
ina
nts
suc
h as
2,3
,7,
8-T
CDD
and
2,3,
7,8-
TCDF
. I
n 19
86,
US.
EPA
rep
ort
ed f
indi
ng 2
,3,
7,8
—TC
DD a
nd
2,3
,7,
8-T
CDF
and
othe
r ch
lori
nate
d or
gan
ics
in k
raft
pul
p an
d pa
per
mill
disc
harg
es.
Simi
lar
find
ings
wer
e pr
ese
nte
d in
198
7 fo
r On
tar
io k
raft
mill
s by
Ont
ari
o M
OE
(Tab
le
8).
In 1
988,
the
Ont
ari
o go
ver
nme
nt’
s Ex
per
t Co
mmi
tte
e on
Kraf
t Mi
ll E
fﬂu
ent
Toxi
city
stro
ngly
adv
o-
cate
d mo
dif
ica
tio
ns t
o th
e kr
aft
mill
ble
ach
ing
pro
ces
s to
sign
ific
antl
y re
duc
e th
e fo
rma
tio
n of
chlo
rin-
ate
d or
gan
ics
and
toxi
city
to f
ish.
Reg
ula
tor
y in
itia
tive
s to
red
uce
the
dis
cha
rge
s of
thes
e su
bst
anc
es a
re
als
o b
ein
g p
urs
ued
by
US.
EP
A a
nd
age
nci
es
in S
can
din
avi
a.
In 1
989,
the
Wat
er Q
ual
ity
Boa
rd c
omm
iss
ion
ed a
rev
iew
of d
isc
har
ges
of c
hlor
inat
ed o
rga
nic
mat
ter
fro
m th
e pu
lp a
nd
pap
er i
ndu
str
y in
the
Gre
at L
ake
s ba
sin.
The
obje
ctiv
es w
ere
:
1.
To r
evi
ew r
ecen
t st
udie
s fo
r, a
nd
init
iati
ves
by t
he p
ulp
and
pap
er s
ecto
r fo
r ad
dre
ssi
ng t
he
chlo
rina
ted
org
ani
c is
sue
and
rec
omm
end
a st
rate
gy f
or a
ddr
ess
ing
the
issu
e a
sapp
ropr
iate
.
2.
To
rev
iew
pre
sen
t co
ntro
l st
rate
gies
and
regu
lato
ry p
rog
ram
s fo
r ch
lori
nate
d or
gan
ic m
att
er
in the pulp and paper sector.
3.
To
com
pil
e a
repo
rt o
n th
e ab
ove
task
s to
iden
tify
proc
esse
s wh
ose
imp
rov
eme
nt
cou
ld
pro
mot
e r
edu
ced
for
mat
ion
and
dis
cha
rge
of c
hlo
rin
ate
d or
gan
ic
mat
ter
by
mill
s.
Chl
ori
nat
ed o
rga
nic
mat
ter
ari
ses
pri
nci
pal
ly f
rom
pro
duc
tio
n o
f bl
eac
hed
kra
ft p
ulp
. D
isc
har
ges
int
o th
e G
rea
t L
ake
s b
asi
n ar
e of
the
ord
er o
f 10
,00
0 t
ons
per
yea
r, m
eas
ure
d a
s or
gan
och
lor
ine
. O
ver
80%
of t
his
org
ano
chl
ori
ne
is f
oun
d i
n ve
ry
hig
h m
ole
cul
ar
wei
ght
mat
eri
al,
tho
ugh
t to
be
bio
log
ica
lly
iner
t. I
n th
e lo
wer
mol
ecu
lar
wei
ght
frac
tion
, ce
rtai
n co
mpo
und
s h
ave
bee
n id
enti
fied
as b
ein
g to
xic,
as
hav
ing
sub
let
hal
effe
cts
on
var
iou
s o
rga
nis
ms,
and
bei
ng b
ioa
ccu
mul
abl
e.
Seve
ral
larg
e-sc
ale
eco
sys
tem
stud
ies
hav
e in
dica
ted
that
curr
ent
ble
ach
plan
t ef
ﬂue
nts
mig
ht h
ave
larg
e-sc
ale,
lon
g-r
ang
e en
vir
onm
ent
al e
ffec
ts.
Dio
xin
s ha
ve a
lso
bee
n de
tec
ted
in f
ish
coll
ecte
d do
wn-
str
eam
of k
raft
mill
disc
harg
es.
How
eve
r,
an e
xten
sive
stu
dy o
f ex
pos
ure
to b
lea
che
d kr
aft
mill
efﬂ
uen
t
subj
ecte
d to
exte
nsiv
e bi
olog
ical
tre
atm
ent
sho
wed
rela
tive
ly l
ittle
effe
ct o
n a
wid
e ra
nge
of o
rga
nis
ms.
The
dim
ens
ion
of t
he i
mpa
ct a
ssoc
iate
d wi
th t
hese
con
tam
ina
nts
has
not
bee
n re
solv
ed,
so i
t is
difﬁ
cult
to d
ete
rmi
ne w
ith
prec
isio
n wh
at
env
iro
nme
nta
l im
pac
t in
the
Gre
at L
ake
s ba
sin
resu
lts
fro
m th
e
ble
ach
ed k
raft
indu
stry
, pa
rtic
ular
ly s
ince
the
efﬂ
uen
t fr
om U
nit
ed S
tate
s mi
lls
and
one
Ont
ari
o mi
ll i
s
biologically treated.
The
dis
cha
rge
of c
hlor
inat
ed o
rga
nic
mat
ter
into
the
Gre
at L
ake
s ba
sin
can
be e
sti
mat
ed f
rom
pub
lis
hed
inf
orm
ati
on a
bou
t pr
odu
cti
on r
ates
, bl
eac
hin
g se
que
nce
s an
d ch
emi
cal
use.
Chl
ori
ne u
se i
s
the
prin
cipa
l so
urc
e of
chlo
rina
ted
org
ani
c ma
tter
, wi
th c
hlor
ine
dio
xid
e an
d hy
poc
hlo
rit
e as
min
or
cont
ribu
tors
. E
lev
en b
lea
che
d kr
aft
mill
s op
era
te i
n th
e Gr
eat
Lak
es b
asin
, se
vera
l of
whi
ch
alr
ead
y us
e
pro
ces
ses
suc
h as
chlo
rine
dio
xid
e su
bsti
tuti
on a
nd
oxy
gen
deli
gnif
icat
ion,
whi
ch
pro
duc
e le
ss c
hlor
in-
ate
d or
gan
ic m
atte
r.
In a
ddit
ion,
mor
e th
an h
alf
of t
he m
ills
(pri
mari
ly i
n th
e Un
ite
d St
ates
por
tio
n of
the
bas
in)
hav
e s
eco
nda
ry
bio
log
ica
l tr
eat
men
t,
whi
ch
is a
n e
ffe
cti
ve m
ean
s o
f de
cre
asi
ng o
rga
noc
hlo
rin
e
dis
cha
rge
. B
etw
een
50
and
60%
of t
he b
lea
che
d k
raf
t pu
lp
pro
duc
ed
in t
he b
asi
n is
fro
m h
ard
woo
ds,
a
nat
ura
l re
sul
t of
the
for
est
s of
the
reg
ion
. A
s a
res
ult
of t
he c
omb
ina
tio
n of
fac
tor
s gi
ven
abo
ve,
ave
rag
e
dis
cha
rge
of o
rga
noc
hlo
rin
e f
rom
mil
ls i
n th
e Gr
eat
Lak
es
bas
in
is e
sti
mat
ed
to b
e o
n a
par
wit
h S
wed
en
and
Fin
lan
d, a
t 4.
4 k
g A
OX
(ad
sor
bab
le o
rga
nic
hal
oge
n)
per
ton
ne
of p
ulp
. H
owe
ver
, a
s ye
t u
npu
b-
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2
4
RA
NG
ES
OF
DI
OX
IN
AN
D
FU
RA
NS
IN
TH
E
FI
NA
L E
FF
LU
EN
T O
F N
IN
E O
NT
AR
IO
PU
LP
TAB
LE 8
AND P
APER M
ILLS F
OUND
IN 1987
MI
LL
LO
CA
TI
ON
PROCESS TYPE(S)
FINAL EFFLUENT (RANGES) (ng/ L)
 
2,3
,7,
8-T
CDD
OTH
ER D
IOXI
NS
TETR
A FU
RANS
OTH
ER F
URAN
S
 
Great
Lakes
For
est
Pr
od
uc
ts
Ltd
.
Boi
se-
Cas
cad
e“
Great
Lakes
Fore
st P
rod
uct
s Lt
d.‘
Jam
es
Riv
er
E.B. Eddy
Abitib
i—Pric
e
Abi
tib
i-P
ric
e
Dom
tar
Kim
ber
ly—
Cla
rk
 
Thu
nde
r B
ay
For
t F
ran
ces
Dry
den
Ma
ra
th
on
Espanola
Thund
er Ba
y
Fort W
illia
m
Re
d R
oc
k
Terrac
e Bay
 
Ble
ach
ed K
raft
Sul
fit
e/
Gr
ou
nd
wo
od
Ble
ach
ed K
raft
Gro
und
woo
d
Ble
ach
ed K
raft
Bl
ea
ch
ed
Kr
af
t
Ble
ach
ed K
raft
Pre
-ox
yge
n Bl
eac
hin
g
Gr
ou
nd
wo
od
Se
mi
-C
he
mi
ca
l
Mec
han
ica
l P
ulp
ing
Gr
ou
nd
wo
od
Se
mi
—B
le
ac
he
d
Kr
af
t
Gr
ou
nd
wo
od
Ble
ach
ed K
raft
N
D
ND
-0
.0
2
0.
06
-0
.1
6
(M
B-
0.
4
ND-0
.03
ND
N
D
ND
ND-0
.02
 
ND
ND-
0.7
4
ND
ND
0.19
-0.5
8
'
ND
ND-
0.1
1
0.7
5-1
.6
ND-
0.0
3
ND—
0.0
4
1.0
-3.
2
ND—
0.1
ND-
0.0
4
0.3
9-1
.0
ND
ND
ND
ND
ND—
0.1
0
0.0
5-0
.12
ND
ND
ND
ND
ND
039
-42
ND—
0.0
3
   
*Ou
tsi
de o
f Gr
eat
Lak
es b
asi
n bu
t in
clu
ded
for
com
par
iso
n pu
rpo
ses
.
ND:
Indi
cate
s no
t de
tec
ted
(gen
eral
ly 5
ng/
L or
less
).
Sou
rce
:
Ref
ere
nce
(40
).
 
 TABLE 9
EL
EM
EN
TS
OF
A
ST
RA
TE
GI
C
FR
AM
EW
OR
K
TO
CO
NT
RO
L
OR
GA
NO
CH
LO
RI
NE
DI
SC
HA
RG
ES
FROM PULP AND PAPER MILLS
 
MILL DATA
BIOLOGICAL IMPACT
DEINKING PLANTS
Fo
r o
ne
yea
r,
mil
lss
ho
ul
d d
et
er
mi
ne
th
e d
is
ch
ar
ge
of
the
ir
co
nt
am
in
an
t(
s)
of
int
ere
st
at
le
as
t a
s f
re
qu
en
tl
y
as
on
ce
pe
r
mo
nt
h.
Ov
er
the
sa
me
per
iod
, m
ill
s w
it
h e
fﬂu
en
t t
rea
tme
nt
sh
ou
ld
rep
ort
the
eff
ici
enc
y o
f r
em
ov
al
of
the
sel
ect
ed
con
tam
ina
nt(
s)
on
at
lea
st
a m
on
th
ly
bas
is.
Aft
er
six
mo
nt
hs
of
mon
ito
rin
g,
mil
ls
at
te
mp
t t
o d
ecr
eas
e d
isc
har
ge
of
the
sel
ect
ed
con
tam
ina
nt(
s)
th
ro
ug
h t
he
im
pl
em
en
ta
ti
on
of
bes
t m
an
ag
em
en
t p
rac
tic
es.
Wi
th
in
on
e t
o t
hre
e y
ear
s,
a g
uid
eli
ne
for
the
dis
cha
rge
of
chl
ori
nat
ed
org
ani
c m
att
er
be
established and achieved.
Pro
gra
ms
for
mon
ito
rin
g s
hor
t-t
erm
chr
oni
c t
oxi
cit
y, l
ong
-te
rm
sub
let
hal
eff
ect
s a
nd
bio
acc
umu
lat
ion
be
und
ert
ake
n a
t s
eve
ral
loc
ati
ons
whe
re
opt
ion
al
con
tro
l t
ech
nol
ogi
es
are
in
use
, t
o m
eas
ure
the
tox
ic
eff
ect
s of
the
dis
cha
rge
of
chl
ori
nat
ed
org
ani
c m
att
er
fro
m
pulp mills.
Sel
ect
ion
of a
pro
toc
ol
for
mon
ito
rin
g i
n-s
tre
am
bio
log
ica
l i
mpa
ct
be
con
sid
ere
d f
or
application throughout the basin.
Sur
vey
s b
e i
nit
iat
ed o
r c
ont
inu
ed
tha
t d
ete
rmi
ne
the
ext
ent
of
con
tam
ina
tio
n b
y c
hlo
rin
ate
d
org
ani
cs o
r th
eir
sur
rog
ate
s f
rom
pul
p m
ill
s in
wat
er,
sed
ime
nts
, a
nd
fish
, a
nd
to f
urt
her
ass
ess
env
iro
nme
nta
l i
mpa
cts
fro
m t
hes
e s
our
ces
on
the
Gre
at
Lak
es
bas
in.
Res
ear
ch b
e u
nde
rta
ken
to f
urt
her
det
erm
ine
the
fate
of c
hlo
rin
ate
d o
rga
nic
mat
ter
in t
he
environment.
The
char
acte
r an
d ra
te o
f di
sch
arg
e of
chlo
rina
ted
org
ani
c co
mpo
und
s f
rom
dei
nki
ng
faci
liti
es b
e de
ter
min
ed a
nd
thei
r en
vir
onm
ent
al i
mpa
ct b
e fu
rthe
r in
vest
igat
ed.
 
Rec
ent
acti
on t
ake
n by
Brit
ish
Col
umb
ia
is w
ort
hy o
f no
te.
The
17 p
ulp
mill
s in
that
pro
vin
ce u
sin
g
chlo
rine
in t
heir
ble
ach
ing
pro
ces
s wi
ll b
e re
qui
red
to c
onst
ruct
sec
ond
ary
efﬂ
uen
t tr
eat
men
t fa
cili
ties
by
the
end
of 1
991,
as p
art
of a
pro
gra
m to
red
uce
the
pro
duc
tio
n of
chlo
rina
ted
org
ani
c co
mpo
und
s to
1.5
kg/
t of
pul
p p
rod
uce
d b
y 1
994
.
-
United States
US.
EPA
is in
the
pro
ces
s of
rev
iew
ing
efﬂ
uen
t li
mit
guid
elin
es.
The
revi
ew,
exp
ect
ed t
o ta
ke
seve
ral
year
s, w
ill
deal
wit
h co
nve
nti
ona
l po
llut
ants
, su
spe
nde
d so
lids
, BO
D,
and
toxi
cs.
The
defi
niti
on
of b
est
prac
tica
l co
ntro
l te
chn
olo
gy f
or s
usp
end
ed
soli
ds a
nd
BO
D w
ill
be r
evis
ed o
ver
the
nex
t 12
to 1
8
mon
ths
; it
is li
kely
that
mor
e st
ring
ent
limi
ts w
ill
be i
mpo
sed
. B
AT
for
toxi
cs i
s be
ing
eva
lua
ted
for
ble
ach
ed k
raft
mill
s, b
lea
che
d su
lfit
e mi
lls,
che
mic
al t
her
mal
mec
han
ica
l pu
lp m
ills
and
dei
nki
ng m
ills
;
this
regu
lati
on m
ay
requ
ire
a pa
rtic
ular
efﬂ
uen
t tr
eat
men
t pr
oce
ss o
r a
part
icul
ar i
n-pl
ant
tech
nolo
gy.
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 Dio
xin
s a
nd
fur
ans
are
like
ly t
o be
lim
ite
d.
It is
als
o li
kely
tha
t U
S.
EP
A n
ati
ona
l g
uid
eli
nes
wil
l re
qui
re
bi
om
on
it
or
in
g.
'
The
Cle
an W
ate
r Ac
t re
quir
es l
isti
ng a
ll p
oint
sou
rce
dis
cha
rge
s of
toxi
c ch
emi
cal
s wh
ere
the
con
cen
tra
tio
n is
in e
xces
s of
the
wate
r-q
uali
ty—b
ase
d st
anda
rd.
Rem
edi
al a
ctio
n mu
st b
e pl
ann
ed f
or
tho
se m
ills
on t
he s
hort
list.
All
ble
ach
ed k
raft
mill
s qu
alif
y fo
r th
is s
hort
list
bas
ed o
n di
sch
arg
e of
dioxins and furans.
As
part
of a
nat
ion
wid
e ca
mpa
ign
to r
edu
ce d
ioxi
n co
nta
min
ati
on o
f wa
ter
way
s, a
nd f
oll
owin
g th
e
dete
ctio
n of
dio
xin
in f
ish
tiss
ue d
own
str
eam
of a
ll o
f th
e fi
rst 8
1 mi
lls
exa
min
ed (
2,3
,7,
8-T
CDD
was
fou
nd i
n ti
ssue
sam
ple
s do
wns
tre
am
of 7
4 of
thes
e mi
lls)
, US
. E
PA
ann
oun
ced
a st
ring
ent
new
wat
er
qual
ity
crit
erio
n fo
r di
oxi
n of
0.01
3 pg
/ L.
Thi
s li
mit
will
be a
ppl
ied
on J
une
4, 1
992.
In c
onj
unc
tio
n
wit
h th
is a
ctio
n, m
ills
in M
ain
e h
ave
bee
nask
ed t
o re
duc
e th
eir
dio
xin
dis
cha
rge
s by
25%
by J
une
1,
1989.
US.
EPA
doe
s no
t co
nsi
der
AO
X a
usef
ul i
ndic
ator
of t
oxic
effe
ct.
Rath
er,
dio
xin
is b
eli
eved
to b
e
a si
gnif
ican
t ha
zar
d in
the
env
iro
nme
nt a
nd
an i
ndic
ator
of f
orm
ati
on o
f ot
her
mate
rial
s wh
ich
, co
llec
-
tive
ly,
are
suff
icie
nt t
o wa
rra
nt s
erio
us c
once
rn.
Stat
e au
thor
itie
s ar
e em
pow
ere
d to
gra
nt p
erm
its
within the guidelines set by US. EPA.
Mic
hig
an h
as t
wo
ble
ach
ed k
raft
pul
p mi
lls
whi
ch d
isc
har
ge d
irec
tly
to t
ribu
tari
es o
f th
e Gr
eat
Lak
es s
yst
em.
In a
curr
ent
per
mit
rev
iew
the
stat
e ha
s as
ked
for
quar
terl
y mo
nit
ori
ng o
f di
oxin
s an
d
fur
ans
in e
fﬂu
ent
s an
d sl
udge
s.
Prio
rity
poll
utan
t G
C/M
S s
can
s of
thes
e wa
ste
str
eam
s (n
ot i
ncl
udi
ng
TC
DD
and
TCD
F)
hav
e re
vea
led
no c
hlor
inat
ed o
rga
nic
com
pou
nds
at l
evel
s of
con
cer
n (e
xcep
t ch
loro
-
form
).
An
anal
ysis
for
AO
X h
as n
ot b
een
per
for
med
. D
iox
ins
and
fur
ans
hav
e be
en
fou
nd a
t le
vels
of
con
cer
n in
efﬂu
ent,
slu
dge
and
fish
cap
tur
ed a
djac
ent
to t
wo
mill
site
s. A
s a
resu
lt,
bot
h fa
cili
ties
are
on
the
US.
EPA
shor
t lis
t an
d re
quir
e de
vel
opm
ent
of i
ndiv
idua
l co
ntro
l st
rate
gies
. Th
ere
are
disc
ussi
ons
bet
wee
n re
pres
enta
tive
s of
the
stat
e an
d th
e in
dus
try
con
cer
nin
g ad
opt
ion
of m
eth
ods
to d
ecr
eas
e
dio
xin
and
fur
an d
isch
arge
s.
Rev
ise
d pe
rmi
ts a
re b
ein
g de
vel
ope
d fo
r bo
th f
acil
itie
s wh
ich
will
add
res
s
dio
xin
s a
nd
dib
enz
ofu
ran
s a
s we
ll
as b
iom
oni
tor
ing
of t
he e
fﬂu
ent
.
Sweden
Reg
ula
tio
ns f
or c
hlor
inat
ed o
rga
nic
mat
ter
dis
cha
rge
s ar
e mo
st a
dva
nce
d in
Swe
den
. O
n th
e ba
sis
of t
he c
ons
ide
rab
le c
onc
ern
for
the
env
iro
nme
nt
gen
era
ted
by
the
ste
ady
dete
rior
atio
n of
the
Balt
ic S
ea
and
part
icul
ar c
onc
ern
abo
ut t
he r
ole
of c
hlor
inat
ed o
rga
nic
mat
ter
in p
ulp
mill
efﬂu
ents
, th
e Sw
edi
sh
National Environmental Protection Board stated (10):
”... p
ulp
mill
s ar
e re
spon
sibl
e fo
r th
e la
rges
t ma
rin
e di
sch
arg
e in
Swe
den
of s
tabl
e ch
lori
nate
d
org
ani
c ma
teri
als.
It is
tech
nica
lly
and
eco
nom
ica
lly
poss
ible
to f
urth
er r
edu
ce t
he d
isc
har
ge o
f
chlo
rina
ted
org
ani
cs f
rom
the
man
ufa
ctu
rin
g of
ble
ach
ed s
ulfa
te p
ulp
to a
leve
l of
1.5
kg c
hlor
in-
ate
d o
rga
nic
sub
sta
nce
s (
per
ton
of p
rod
uce
d p
ulp
and
mea
sur
ed
as t
otal
org
ani
c ch
lor
ine
, T
OCl
)
thro
ugh
a co
mbin
atio
n of
oxyg
en-b
leac
hing
and
incr
ease
d us
e of
chlo
rine
diox
ide.
Tak
ing
into
acc
oun
t th
e ri
sks
pre
sen
ted
by s
tabl
e or
gan
ic e
nvi
ron
men
tal
toxi
ns,
it m
ust
be s
tate
d
that
the
abo
ve l
imit
atio
ns a
re i
nsuf
fici
ent.
Acc
oun
tin
g fo
r th
e si
ze a
nd
prop
erti
es o
f th
e pu
lp
ind
ust
ry d
isch
arge
, th
ere
is n
o ot
her
lon
g-t
erm
solu
tion
tha
n th
e en
tire
elim
inat
ion
of s
tabl
e
organic substances from these efﬂuents.”
The
pla
n ca
lls
for
a p
rog
res
siv
e d
ecr
eas
e in
the
amo
unt
of c
hlo
rin
ate
d o
rga
nic
mat
ter
mea
sur
ed
as
TOCl, as shown in the following table:
,27
 
  
TOCl TOCl :
YEAR kg/t I t/ a
1975 5 - 6 25,000
1984 ca. 3.5 16,300
1988 1.5 - 3.5 10,000
ca. 1992 1.5 6,500
ca. 2005 0.5 2,000
ca. 2010 0.1 500
   
Ther
e ha
s be
en a
sign
iﬁca
nt d
ecli
ne in
TOC
l si
nce 1
975,
whe
n ox
ygen
deli
gnif
icat
ion b
egan
to b
e in-
stal
led e
xten
sive
ly in
Swed
en.
By 1
991
the
targ
et is
inte
nded
to be
1.5 k
g TO
Cl p
er t
on, a
nd a
utho
riti
es
intend to press for further decreases to 0.1 kg/ t by 2010.
The
curre
nt av
erag
e dis
charg
e of o
rgano
chlor
ine i
s est
imate
d to
be 3.
2 kg
TOCl
per t
on of
pulp
(4.2
kg A
OX/
t). Th
is is
not s
ignif
icant
ly di
ffere
nt fr
om th
e est
imate
d ave
rage
disch
arge
of bl
each
ed kr
aft
mills
(US.
and
Cana
dian
) in
the G
reat
Lake
s bas
in (s
ee ab
ove).
In Sw
eden
, 11
of 15
mills
have
oxyg
en
delig
niﬁca
tion,
6 of
15 ha
ve ae
rated
lagoo
ns, a
signi
ﬁcant
propo
rtion
of ha
rdwo
od is
prod
uced
and
some
mills
, par
ticul
arly
those
bleac
hing
hard
wood
, use
high
chlor
ine d
ioxid
e sub
stitu
tion
in th
e ﬁrs
t
stage. All these factors decrease the organochlorine discharge.
Regul
ation
s are
bein
g dev
elop
ed in
TOCl
units
on a
n ann
ual a
vera
ge ba
sis r
ather
than
AOX
units
.
Appa
rent
ly, t
his is
so th
at th
e gov
ernm
ent c
an av
oid r
aisin
g the
disch
arge
limit
(sinc
e AO
X is a
pprox
i—
mate
ly 30
% hig
her t
han T
OCl)
and b
eing
seen
as le
nient
towa
rds i
ndust
ry. M
ills
will
meas
ure A
OX a
nd
calcu
late
TOCl
base
d on
a cal
ibrat
ion m
ade
for e
ach m
ill.
By 19
91 al
l mill
s wil
l hav
e lim
its fo
r TOC
l
discharge in the range 1.5 to 2.0 kg per ton of pulp.
Finland
Curr
ent e
missi
ons f
rom b
leac
hed k
raft
pulp
mills
in Fi
nland
aver
age 3
.4 kg
TOCl
/t (4
.4 kg
AOX
/t).
There is only one oxygen deligniﬁcation stage in Finland; however, there are many activated-sludge
efﬂu
ent t
reatm
ent s
ystem
s. I
n add
ition
, a hi
gh pr
oport
ion o
f the
pulp
prod
uced
is har
dwoo
d. T
hese
two
facto
rs an
d, to
a sma
ll de
gree,
high
chlor
ine d
ioxid
e sub
stitu
tion
contr
ibute
to a
relat
ively
low
TOCl
disch
arge.
Since
most
Finni
sh pu
lp mi
lls a
re lo
cated
on in
land
water
s, wh
ich a
re re
lativ
ely s
hall
ow an
d
have many users, there has been a strong emphasis on elimination of BOD by secondary treatment. At
the present time, no regulations are in place limiting discharge of chlorinated organic material.
The Finnish water board will apparently follow the Helsinki convention on the Baltic Sea. The
convention, made up of all countries neighbouring the Baltic, will meet in 1989 to discuss the feasibility
of a limit of 1 to 2 kg TOCl per ton of pulp. The first step will be to agree on an analytical method.
National discharge quotas will be set according to the 1988 convention to effect a 50% reduction in TOCl
by 1995.
WATER QUALITY BOARD CONCLUSIONS
The Board concludes that signiﬁcant reductions in discharges of chlorinated organics are achiev-
able and practical with current technology. These reductions can be realized through one or more of
several alternative in-plant process changes, along with external treatment systems. Therefore, the
Board recommends to the Commission that:
12. The Parties and jurisdictions continue to develop regulations to control the discharges of chlorinated
organics from the pulp and paper sector, with the focus on ’zero discharge’ of 2,3,7,8-TCDD and
2,3,7,8-TCDF and virtual elimination of all other persistent chlorinated organic substances.
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 ST
OR
M S
EW
ER
AN
D C
OM
BI
NE
D S
EW
ER
OV
ER
FL
OW
S A
ND
TR
EA
TM
EN
T P
LA
NT
BYP
ASS
ES/
OV
ER
FL
OW
S
.
Rain
fall
runo
ff f
rom
road
s, pa
rkin
g lot
s, ro
ofs,
etc.
cont
ains
nutr
ient
s an
d co
ntam
inan
ts.
The
coll
ecte
d ru
noff
can
be t
reat
ed be
fore
disc
harg
e to
the
rece
ivin
g wa
ter.
Whe
n ov
erlo
aded
, th
e st
orm
sewe
rs c
an o
ver
ﬂow
dire
ctly
into
the
rece
ivin
g wat
er,
with
out
trea
tmen
t. M
any
muni
cipa
liti
es h
ave
mad
e ef
fort
s to
cont
rol
cont
amin
atio
n fr
om t
his s
ourc
e by
stree
t sw
eepi
ng a
nd t
he u
se o
f st
ormw
ater
rete
ntio
n bas
ins.
Reta
ined
stor
mwat
er c
an b
e di
rect
ed t
o the
trea
tmen
t pl
ant
later
, as
plan
t cap
acit
y
permits.
How
eve
r,
mos
t co
mmu
nit
ies
do n
ot h
ave
com
ple
tel
y se
para
te s
anit
ary
and
sto
rm s
ewer
s.
As
a
resu
lt,
whe
n it
rain
s, t
he c
omb
ine
d ﬂ
ow
of s
ewa
ge a
nd
sto
rmw
ate
r ex
cee
ds t
he c
apac
ity
of t
he w
ast
ewa
-
ter c
olle
ctio
n an
d tr
eatm
ent
syst
em.
This
, in
turn
, res
ults
in co
mbi
ned
sewe
r ov
erﬂ
ows
(CSO
s) t
o a
rece
ivin
g wa
ter
and
byp
ass
es o
r ov
erﬂ
ows
(wi
tho
ut t
rea
tme
nt o
r wi
th p
arti
al t
reat
ment
) of
the
was
te-
water treatment plant or within the sewage collection system.
In t
he B
oard
’s 1
981
repo
rt (
4), t
he T
ask
Forc
e on
Urb
an D
rain
age
and
Com
bin
ed S
ewer
Ove
rﬂo
ws
con
clu
ded
that
the
loa
din
gs o
f B
OD
and
pho
sph
oru
s f
rom
urb
an d
rai
nag
e an
d ov
erﬂ
ows
in a
mun
ici
-
pali
ty w
ere
abo
ut a
n or
der
of m
agn
itu
de
less
tha
n lo
adi
ngs
fro
m a
was
tew
ate
r tr
eat
men
t pl
ant
ser
ving
the
sam
e mu
nic
ipa
l ar
ea.
Now
, h
owe
ver
, gi
ven
the
obs
erv
ed d
ecr
eas
es i
n lo
adi
ngs
thr
oug
hou
t th
e
.
198
05 (
see
Tab
le 1
0 fo
r ph
osp
hor
us)
, th
ese
loa
ds h
ave
bec
ome
a mo
re s
igni
fica
nt p
erc
ent
age
of t
he t
otal
i
lake
load
ing.
The
sam
e is
like
ly to
be t
rue f
or co
ntam
inan
ts s
uch
as tr
ace m
etal
s, o
rgan
ochl
orin
e pes
ti-
cide
s, P
AHs
, P
CBs
and
chl
oro
ben
zen
es.
App
end
ix
B of
the
Boa
rd’
s 19
87 r
epor
t co
nta
ine
d lo
adi
ng
esti
mate
s fr
om u
rba
n dr
ain
age
for
man
y of
thes
e co
mpo
und
s (5
).
1
Effo
rts t
o co
ntro
l thi
s pr
oble
m ar
e un
derw
ay,
but
info
rmat
ion
on t
he m
agni
tude
of th
e lo
adin
gs o
f
nutr
ient
s an
d c
ont
ami
nan
ts p
rese
ntly
ente
ring
rece
ivin
g wa
ter
s fr
om t
his
sou
rce
is st
ill l
acki
ng.
The
Part
ies
hav
e ta
ken
step
s to
war
d ob
tai
nin
g th
is i
nfo
rma
tio
n (w
hic
h wi
ll a
lso
be n
eed
ed t
o ju
dge
the
efficacy of control measures).
Combined Sewer Overﬂows
In t
he U
nit
ed S
tate
s, C
SOs
are
con
sid
ere
d po
int
sou
rce
s as
part
of t
he N
ati
ona
l Co
mbi
ned
Sew
er
Ove
rﬂo
w S
trat
egy.
Ther
efor
e, a
s no
ted
in t
he 1
987
Boa
rd R
epo
rt (
6), t
hey
mus
t m
eet
the
NPD
ES
per
mit
req
uir
eme
nts
. T
his
mea
ns
that
US.
EPA
and
/or
the
stat
es c
an e
stab
lish
com
pli
anc
e sc
hed
ule
s fo
r th
ese
ove
rﬂo
w p
oint
s in
ord
er t
o ac
hie
ve c
ontr
ol o
f th
ese
sour
ces.
It a
lso
mea
ns
that
mon
ito
rin
g ca
n be
req
uir
ed s
o th
at l
oad
ing
s fr
om t
hese
sou
rce
s ca
n fi
nall
y be
quan
tifi
ed.
In C
anad
a, O
ntar
io M
OE
fund
s st
udie
s by
muni
cipa
liti
es to
deve
lop
wate
r po
llut
ion c
ontr
ol p
lans
whic
h in
clud
e qu
anti
fyin
g th
e pr
oble
ms o
f C8
08 a
nd r
eco
mme
ndi
ng r
emed
ial
meas
ures
and
impl
emen
-
tati
on pr
ogra
ms.
Besi
des
actu
al t
reat
ment
and
cont
rol o
f thi
s sou
rce
of ph
osph
orus
, th
ese
meas
ures
include sewer separation and rehabilitation.
Bypasses
For
1987
, On
tar
io M
OE
rep
ort
ed f
or t
he f
irst
tim
e th
e vo
lum
e, d
ura
tio
n an
d n
umb
er o
f by
pas
ses
and
part
ial
byp
ass
es o
f se
wag
e tr
eat
men
t pl
ants
(7).
Alt
hou
gh t
he r
epo
rte
d da
ta h
ave
a nu
mbe
r of
defi
cien
cies
, th
is r
epre
sent
s a
seri
qus
att
emp
t to
esti
mate
pre
vio
usl
y un
kno
wn
loa
din
gs f
rom
this
sour
ce.
Thi
s wi
ll a
lso
all
ow O
nta
rio
MO
E t
o pr
iori
tize
rem
edi
al m
eas
ure
s fo
r by
pas
ses
bas
ed o
n im
pact
.
In th
e Un
ited
State
s, s
ome
juri
sdic
tion
s ha
ve r
egul
arly
repo
rted
bypa
ss q
uali
ty a
nd q
uant
ity a
long
with
othe
r in
form
atio
n re
quir
ed b
y th
eir N
PDE
S pe
rmit
s. W
hen
such
data
are
avai
labl
e, th
ey c
an b
e
use
d al
ong
wit
h ot
her
efﬂ
uen
t da
ta t
o es
tima
te m
uni
cip
al l
oadi
ngs,
suc
h as
tho
se f
oun
d in
Tab
le 1
0. T
he
coll
ecti
on o
f ac
cura
te d
ata
on t
hese
sou
rce
s is
the
firs
t st
ep t
owa
rds
thei
r co
ntro
l.
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Control Measures
The
Par
tie
s a
nd
the
jur
isd
ict
ion
s h
ave
som
e p
rog
ram
s i
n pl
ace
to m
oni
tor
and
, id
eall
y, c
ont
rol
urb
an
dra
ina
ge.
Sig
niﬁ
can
t in
itia
tive
s ar
e u
nde
rwa
y a
t Ch
ica
go,
Mil
wau
kee
and
the
Rou
ge
Riv
er
dra
ina
ge b
asin
. R
eme
dia
l me
asu
res
incl
ude
sto
rmw
ate
r re
tent
ion
for
late
r tr
eatm
ent,
sew
er s
epar
atio
n,
and
sew
er r
ehab
ilit
atio
n.
Ne
w s
ewe
rs a
re b
ein
g bu
ilt
that
sepa
rate
sani
tary
and
sto
rmw
ate
r so
that
, as
old
sew
ers
are
repl
aced
, th
is p
rob
lem
sho
uld
be l
esse
ned.
For
CSO
s, t
he i
dea
of t
reat
ing
thes
e so
urc
es
as p
oin
t so
urc
es s
eem
s to
be m
ore
prac
tica
l th
an p
rog
ram
s wh
ich
are
basi
call
y vo
lun
tar
y in
natu
re.
The
goa
l of
cont
rol
mea
sur
es s
hou
ld b
e to
pha
se o
ut t
hese
dis
cha
rge
s en
tire
ly,
exc
ept
in e
xtr
eme
eme
rge
ncy
situations.
Bec
aus
e la
rge
quan
titi
es o
f un
tre
ate
d wa
ste
ente
r th
e Gr
eat
Lak
es e
cos
yst
em f
rom
sto
rm s
ewe
r
ove
rﬂo
ws,
CSO
s a
nd
tre
atm
ent
plan
t by
pas
ses
, th
e Wa
ter
Qua
lit
y Bo
ard
rec
omm
end
s to
the
Com
mis
-
sion that:
13.
The P
artie
s and
juris
dicti
ons re
port i
nform
ation
on st
orm s
ewer
and c
ombin
ed se
wer o
verﬂo
ws an
d on
treat
ment
plant
bypas
ses, a
nd qu
antif
y con
tamin
ant l
oadin
gs, in
order
to ass
ist in
accom
plish
ing
source control.
CONTROL OF PHOSPHORUS
This
secti
on di
scuss
es th
e bas
is fo
r pho
spho
rus t
arget
loads
, rev
iew o
f the
Parti
es’ r
eport
s, po
int
sourc
es an
d ass
ociat
ed re
porti
ng pr
oblem
s, pr
ogres
s reg
ardin
g det
ergen
t pho
spho
rus l
imita
tions
,
estim
ation
of lo
ading
s and
const
raint
s on
comp
aris
on wi
th ta
rget
loads
, fut
ure r
eport
ing n
eeds,
and
the
Parti
es’ r
evie
w of p
hosp
horu
s con
trol
measu
res.
Data
quali
ty co
nside
ratio
ns ar
e dis
cusse
d at t
he en
d of
Chapter 2.
BACKGROUND
The following review of the amended Agreement provides necessary background to consider
progress to control phosphorus. Annex 3 of the 1978 Agreement established future phosphorus loads
for the Great Lakes. In the 1983 Supplement to Annex 3, it was agreed that phosphorus target loads for
Lake Superior, Lake Michigan, main Lake Huron, Georgian Bay and the North Channel would be
accomplished by achieving the 1 mg/L phosphorus efﬂuent concentration (on a monthly average) at
municipal waste treatment facilities discharging more than 1 MGD. The phosphorus target loads for
Saginaw Bay, Lake Erie and Lake Ontario were affirmed. The Supplement specified that a reduction of
2,000 t/a was required in the input to Lake Erie, 300 t by Canada and 1,700 t by the United States. This
reduction assumed that all municipal waste treatment facilities discharging over 1 MGD would achieve
the 1 mg/L efﬂuent limit.
A reduction of 1,210 t/ a was identified in the Supplement for Lake Ontario, and the Parties agreed
to meet within one year to allocate the reduction. The Parties also agreed to develop and implement
phosphorus load reduction plans, to table the plans with the Commission, and to provide the Commis-
sion with progress reports and annual updates of the plans. The Parties further agreed to develop and
implement surveillance and monitoring measures to determine progress under the plans. The 1987
amendments to the Agreement revised the load reduction downward from 1,210 to 430 t/ a, since the
models used indicated that the target load of 7,000 t/ a could be met with this smaller reduction.
BASIS FOR TARGET LOADS
The target loads are based on a review (30) of phosphorus loadings to the lakes, conducted as part
of a review of the 1972 Agreement. Loadings and surveillance data and mathematical models were
used to quantitatively estimate the lake response to various load reduction strategies. Desirable in-lake
conditions were established in terms of phosphorus, chlorophyll a and dissolved oxygen concentrations;
target loads were then selected which, when met, would produce the desired response with high
probability.
These target loads are based on long-term average conditions that rarely occur in any single year.
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 The
y r
epr
ese
nt l
ong
-te
rm
goa
ls t
hat
sho
uld
be
ach
iev
ed
and
mai
nta
ine
d p
erm
ane
ntl
y.
Yea
r-t
o-y
ear
cha
nge
s i
n lo
adi
ngs
and
lak
e co
ndi
tio
ns
can
be
qui
te l
arge
, p
art
icu
lar
ly f
or p
hos
pho
rus
in p
rec
ipi
tat
ion
-
cau
sed
lan
d r
uno
ff.
Rea
chi
ng
the
tar
get
in o
ne
yea
r w
ill
not
nec
ess
ari
ly r
esu
lt i
n th
e de
sir
ed r
esp
ons
e in
lake
con
dit
ion
s fo
r th
at y
ear.
How
eve
r,
ther
e is
a hi
gh p
roba
bili
ty t
hat
if th
e lo
ad i
s ma
int
ain
ed a
t or
bel
ow
the
tar
get
for
sev
era
l ye
ars
, th
en
the
des
ire
d co
ndi
tio
ns w
ill
eve
ntu
all
y be
ach
iev
ed.
In C
hap
ter
4, o
bse
rve
d i
n-l
ake
con
cen
tra
tio
ns o
f to
tal
pho
sph
oru
s a
re c
omp
are
d t
o s
imu
lat
ed
val
ues
obt
ain
ed
fro
m a
mat
hem
ati
cal
mod
el
whi
ch
use
s th
e r
epo
rte
d p
hos
pho
rus
loa
ds.
Thi
s co
mpa
ri-
son
illu
stra
tes
that
, if
the
tar
get
loa
ds
are
met
on
a l
ong
-te
rm b
asis
, th
en
the
tar
get
in-
lak
e co
nce
ntr
ati
on
will be reached.
Ano
the
r c
ons
ide
rat
ion
is t
he e
rro
r as
soc
iat
ed
wit
h th
e l
oad
ing
est
ima
tes
tha
t ar
e c
omp
are
d t
o th
e
tar
get
loa
ds.
Sta
rti
ng i
n 19
85,
sta
nda
rd
err
ors
wer
e a
lso
est
ima
ted
to g
ive
an
ind
ica
tio
n o
f th
e pr
eci
sio
n
of t
he l
oad
ing
esti
mate
. I
mpr
ove
d pr
ecis
ion
wou
ld
incr
ease
con
fid
enc
e in
con
clus
ion
s ab
out
whe
the
r
the
targ
et l
oad
had
bee
n me
t.
For
exa
mpl
e, a
loa
din
g es
tim
ate
of 7
,200
t wi
th a
sta
nda
rd e
rror
of 1
00 t
is q
uite
unli
kely
to h
ave
met
a ta
rget
of 7
,000
t, wh
ile
a lo
adi
ng e
stim
ate
of 6
,800
i 1
00 t
wit
h th
e sa
me
sta
nda
rd e
rror
is q
uite
like
ly t
o ha
ve a
chi
eve
d th
e ta
rget
. If
the
loa
din
g es
tima
te w
ere
6,80
0 i
1,00
0 t,
one
wou
ld
be m
uch
mor
e ca
utio
us i
n as
sert
ing
that
the
targ
et h
ad
not
or h
ad
bee
n me
t.
The
se
lak
e e
sti
mat
es a
re t
he r
esu
lt o
f a
det
ail
ed,
dat
a-i
nte
nsi
ve a
ppl
ica
tio
n o
f th
e m
ass
bal
anc
e
con
cep
t.
Eve
ry
pos
sib
le s
our
ce
of p
hos
pho
rus
has
bee
n e
xam
ine
d a
nd
mea
sur
ed,
or a
cco
unt
ed
for
in
som
e w
ay.
The
res
ult
is a
n e
sti
mat
e of
tota
l la
ke l
oad
ing
, br
oke
n o
ut
by
sou
rce
. T
his
has
pro
ved
val
uab
le
to m
ana
ger
s in
sel
ect
ing
opt
ion
s fo
r ac
hie
vin
g ta
rge
t lo
ads
. T
his
bas
ic c
onc
ept
is v
ali
d fo
r ot
her
nut
rie
nts
and
/or
con
tam
ina
nts
, bu
t it
s pr
act
ica
l ap
pli
cat
ion
ma
y l
ead
to p
roh
ibi
tiv
e co
sts;
at l
east
for
pho
sph
oru
s,
the
cos
t of
con
tro
l p
rog
ram
s f
ar e
xce
eds
the
cos
t of
mea
sur
ing
the
ir e
ffic
acy.
TH
E P
ART
IES
’ R
EP
OR
TS
- G
EN
ER
AL
CO
NS
ID
ER
AT
IO
NS
Canada
Wit
h r
ega
rd
to L
ake
Erie
, co
nsi
der
abl
e p
lan
nin
g a
nd
org
ani
zat
ion
al e
ffor
t ha
s g
one
int
o th
e es
tab
-
lis
hme
nt o
f th
e So
il a
nd
Wat
er
Env
iro
nme
nta
l E
nha
nce
men
t P
rog
ram
(SW
EEP
) a
nd
the
Lan
d S
tew
ard
-
shi
p P
rog
ram
.
Ho
wev
er
, u
nti
l m
oni
tor
ing
dat
a b
ec
om
e a
vai
lab
le,
the
Boa
rd
wil
l n
ot
be
abl
e t
o j
udg
e t
he
effectiveness of the programs.
Wi
th
reg
ard
to
Lak
e O
nta
rio
, t
he
Boa
rd
rep
ort
ed
in
its
198
7 R
epo
rt
tha
t C
an
ad
a h
ad
que
sti
one
d t
he
nee
d t
o al
loc
ate
the
428
t/ a
loa
d r
edu
cti
on
bet
wee
n t
he
Par
tie
s "
bec
aus
e o
f t
he
lar
ge
deg
ree
of
sci
ent
ifi
c
unc
ert
ain
ty
reg
ard
ing
the
imp
act
of
428
t/ a
on
the
lak
e”
(6).
Mo
re
rec
ent
ly,
acc
ord
ing
to
the
Can
adi
an
Par
ty
rep
ort
, th
e n
eed
for
"fu
rth
er r
edu
cti
ons
, b
eyo
nd
wha
t i
s re
qui
red
in t
he A
nne
x"
has
bee
n q
ues
-
tio
ned
, b
eca
use
of
the
"po
sit
ive
rea
cti
on
by
the
lak
e”
to
cur
ren
t p
rog
ram
s t
hat
com
pri
se
the
loa
d r
edu
c-
tio
n p
lan
(1).
A f
inal
dec
isi
on
wil
l be
mad
e i
n 1
990
aft
er r
evi
ewi
ng
"th
e tr
oph
ic
sta
tus
of L
ake
Ont
ari
o i
n
rel
ati
on
to c
urr
ent
pro
gra
ms.
” T
hu
s C
an
ad
a n
ow
acc
ept
s t
he
nee
d f
or
a p
hos
pho
rus
loa
d r
edu
cti
on
to
Lake Ontario, and further reductions could be in order.
In i
ts 1
987
Rep
ort
, t
he B
oar
d r
eco
mme
nde
d t
hat
"Th
e Pa
rti
es r
eso
lve
the
ir d
iff
ere
nce
s in
pro
gra
m
req
uir
eme
nts
to
mee
t t
he
tar
get
loa
d o
f 7
,00
0 t
onn
es
per
yea
r f
or
Lak
e O
nta
rio
.”
Ho
wev
er
, t
he
430
t/a
red
uct
ion
has
not
bee
n a
llo
cat
ed;
sin
ce
the
nee
d f
or
a r
edu
cti
on
is c
onf
irm
ed,
the
Boa
rd
ass
ume
s t
hat
the
199
0 r
evi
ew
by
the
Par
tie
s wi
ll c
ons
ide
r t
he a
llo
cat
ion
of t
hat
red
uct
ion
.
United States
Wi
th
reg
ard
to
Lak
e O
nta
rio
, t
he
Uni
ted
Sta
tes
Par
ty
rep
ort
(2)
spe
cif
ies
a 2
35
t/a
pho
sph
oru
s l
oad
red
uct
ion
. T
his
de f
act
o a
llo
cat
ion
of
the
430
t/a
red
uct
ion
imp
lie
s a
195
t /a
red
uct
ion
to
be
me
t b
y
Canada.
Th
e U
nit
ed
Sta
tes
Par
ty
rep
ort
(2)
ack
now
led
ges
tha
t t
he
sta
tes
are
beh
ind
sch
edu
le
in
ach
iev
ing
the
ir
loa
d r
edu
cti
on
goa
ls.
Non
eth
ele
ss,
con
sid
era
ble
pro
gre
ss
is c
lai
med
for
Sag
ina
w B
ay
(20
8 o
f t
he
31
 
 Th
e m
is
si
ng
dat
a i
n T
abl
e 1
0 (
and
oth
er
tab
les
in
thi
s s
ect
ion
) a
re
the
res
ult
of
in
co
mp
le
te
rep
ort
ing
to
the
Co
mm
is
si
on
an
d n
ot
nec
ess
ari
ly
a r
eﬂe
cti
on
on
the
dis
cha
rge
r a
nd
/ o
r t
he
jur
isd
ict
ion
inv
olv
ed.
By
ag
re
em
en
t,
the
Co
mm
is
si
on
use
s U
.S.
EP
A’
s S
TO
RE
T w
at
er
qua
lit
y d
ata
sy
st
em
as
its
dat
a b
as
e f
or
poi
nt
sou
rce
inf
orm
ati
on.
Th
e C
om
mi
ss
io
n r
etr
iev
es
inf
orm
ati
on
wh
en
the
Par
tie
s i
ndi
cat
e t
hat
it i
s
rea
dy
for
Co
mm
is
si
on
rev
iew
. F
or
198
7 d
ata
, t
his
did
not
occ
ur
for
a n
um
be
r o
f ju
ris
dic
tio
ns
bec
aus
e
the
dat
a w
er
e k
no
wn
to
be
inc
omp
let
e.
Eff
ort
s t
o fi
ll i
n g
ap
s i
n t
ime
to
me
et
the
Boa
rd’
s r
epo
rti
ng
dea
dli
nes
we
re
uns
ucc
ess
ful
.
US
. E
PA
vi
ew
s t
his
as
a t
em
po
ra
ry
pr
ob
le
m w
hi
ch
sh
ou
ld
not
occ
ur
in
the future.
Tab
le
11
su
mm
ar
iz
es
pro
gre
ss
by
the
40
lar
ges
t (
in t
er
ms
of
rep
ort
ed
198
6 ﬂ
ow
s)
mu
ni
ci
pa
l t
rea
t-
me
nt
fac
ili
tie
s i
n t
he
Gr
ea
t L
ak
es
bas
in
to
me
et
the
1 m
g/
L p
ho
sp
ho
ru
s e
fﬂu
en
t l
imi
t c
all
ed
for
in
the
am
en
de
d A
gr
ee
me
nt
.
Ta
bl
e 1
1 p
res
ent
s e
fﬂu
en
t ﬂ
ow
s,
ﬂo
w-
we
ig
ht
ed
tot
al
ph
os
ph
or
us
con
cen
tra
tio
ns,
an
d t
he
nu
mb
er
of
mo
nt
hs
(ou
t o
f 1
2)
tha
t e
ach
fac
ili
ty m
et
the
efﬂ
uen
t l
imi
t.
Thi
s a
ppr
oac
h c
omp
are
s
pe
rf
or
ma
nc
e o
n a
un
if
or
m b
asi
s a
mo
ng
all
jur
isd
ict
ion
s a
nd
wa
s d
on
e w
it
ho
ut
con
sid
era
tio
n o
f t
he
var
iab
ili
ty
of
the
rep
ort
ed
val
ue
or
the
fr
eq
uen
cy
of
sa
mp
li
ng
tha
t w
as
req
uir
ed
in
the
pe
rm
it
or
con
tro
l
order.
Industrial
Tab
le
12
rep
ort
s t
he
loa
din
g o
f i
ndu
str
ial
sou
rce
s o
f p
hos
pho
rus
to
the
Gre
at
Lak
es.
In
198
5,
the
Bo
ar
d r
ec
om
me
nd
ed
ph
os
ph
or
us
efﬂ
uen
t m
on
it
or
in
g f
or
all
ind
ust
ria
l f
aci
lit
ies
wh
ic
h h
av
e t
he
pot
ent
ial
to d
isc
har
ge
ove
r 3
.8 k
g/
d o
f p
hos
pho
rus
. T
he
rep
ort
ed
inc
rea
ses
for
Lak
es
Sup
eri
or,
Mic
hig
an
an
d
Hu
ro
n f
or
US
. d
isc
har
ger
s a
re
the
res
ult
of
inc
rea
sed
mon
ito
rin
g,
esp
eci
all
y i
n t
he
pu
lp
an
d p
ap
er
sec
tor
.
Th
es
e f
aci
lit
ies
ha
ve
be
en
ope
rat
ion
al
for
sev
era
l y
ear
s,
so
the
inc
rea
ses
do
not
rep
res
ent
add
i-
tio
nal
ph
os
ph
or
us
be
in
g a
dd
ed
to
the
lak
es,
bu
t r
ath
er
inc
rea
sed
mon
ito
rin
g.
Th
e C
an
ad
ia
n l
oad
ing
s r
epo
rte
d i
n T
abl
e 1
2 ﬂ
uc
tu
at
ed
con
sid
era
bly
fr
om
198
5 t
o 1
987
, e
spe
cia
lly
for
La
ke
Sup
eri
or.
Thi
s v
ari
abi
lit
y a
pp
ea
rs
to
be
du
e t
o c
ha
ng
es
in
ind
ivi
dua
l p
lan
t o
per
ati
ons
.
Wh
il
e a
nu
mb
er
of
pla
nts
ha
ve
ma
de
eff
ort
s t
o c
ont
rol
ph
os
ph
or
us
dis
cha
rge
, i
ncr
eas
ed
pr
od
uct
io
n h
as
als
o
resulted in increased loading.
Th
e C
an
ad
ia
n P
art
y r
epo
rt
(1)
not
es
tha
t a
103
t/
a r
edu
cti
on
in
ph
os
ph
or
us
ha
s b
ee
n a
ch
ie
ved
sin
ce
19
83
in
the
La
ke
Eri
e b
asi
n.
Thi
s w
as
pri
nci
pal
ly
du
e t
o t
he
clo
sur
e o
f o
ne
fer
til
ize
r p
lan
t.
Ra
th
er
th
an
ind
ust
ria
l c
los
ure
, t
he
pre
fer
red
me
an
s o
f l
oad
red
uct
ion
sh
ou
ld
re
ma
in
im
pr
ov
ed
tre
atm
ent
an
d
process alteration.
Unreported Point Sources
Un
re
po
rt
ed
poi
nt
sou
rce
s o
f p
ho
sp
ho
ru
s i
s a
per
enn
ial
pr
ob
le
m.
Thi
s u
sua
lly
occ
urs
wh
en
ph
os
-
ph
or
us
mo
ni
to
ri
ng
is
not
req
uir
ed
in
a p
er
mi
t o
r c
ont
rol
ord
er
unt
il
tre
atm
ent
fac
ili
tie
s h
av
e b
ee
n
ins
tal
led
.
Du
ri
ng
the
per
iod
for
wh
ic
h n
o d
ata
are
ava
ila
ble
, t
he
Bo
ar
d u
ses
bes
t p
rof
ess
ion
al
ju
dg
em
en
t
to
est
ima
te
loa
din
g.
Thi
s s
itu
ati
on
als
o o
ccu
rs
wh
en
the
rep
ort
ed
dat
a a
re
not
pla
usi
ble
(ei
the
r t
oo
hi
gh
or
too
lo
w f
or
the
kn
ow
n c
har
act
eri
sti
cs
of
the
sou
rce
).
Ag
ai
n,
the
Bo
ar
d u
ses
bes
t p
rof
ess
ion
al
jud
ge-
me
nt
in
pla
ce
of
er
ro
ne
ou
s d
ata
. T
he
Bo
ar
d s
eek
s i
npu
t t
o a
nd
ag
re
em
en
t w
it
h t
he
est
ima
tes
us
ed
for
the
se
sit
uat
ion
s f
ro
m t
he
jur
isd
ict
ion
inv
olv
ed.
In
ma
ny
cas
es,
the
jur
isd
ict
ion
s h
av
e a
ddi
tio
nal
cla
rif
y-
ing information in their files.
Fo
r t
he
198
6 p
oin
t s
our
ce
est
ima
tes
, t
he
pr
ob
le
m o
f d
ata
ava
ila
bil
ity
th
ro
ug
h t
he
ST
OR
ET
sy
st
em
wa
s
par
tic
ula
rly
ac
ut
e f
or
Mi
ch
ig
an
an
d N
ew
Yo
rk
fac
ili
tie
s.
Ad
di
ti
on
al
in
fo
rm
at
io
n w
as
so
ug
ht
bu
t n
ot
obt
ain
ed
for
46
fac
ili
tie
s i
n M
ic
hi
ga
n (
14
of
th
em
”ma
jor
”)
an
d 1
1 f
aci
lit
ies
in
Ne
w Y
or
k (
9 "
maj
or"
).
Est
ima
tes
usi
ng
bes
t p
rof
ess
ion
al
ju
dg
em
en
t w
er
e m
ad
e u
sin
g d
ata
ava
ila
ble
fr
om
pre
vio
us
yea
rs.
Ab
so
lu
te
dif
fer
enc
es
fr
om
re
po
rt
ed
va
lu
es
for
th
es
e t
wo
jur
isd
ict
ion
s t
ota
lle
d 1
35
t i
n 1
986
.
It i
s a
lso
no
te
d t
hat
th
e U
ni
te
d S
tat
es
co
mp
li
an
ce
su
mm
ar
y
for
Ne
w
Yo
rk
in
19
87
co
nt
ai
ns
44
mo
re
mu
ni
ci
pa
l
di
sc
ha
rg
er
s t
ha
n f
or
198
5;
37
of
th
es
e p
la
nt
s h
av
e b
ee
n i
de
nt
iﬁ
ed
in
th
e S
TO
RE
T
sy
st
em
, a
ll
ov
er
38
0
m3
/d
an
d
th
re
e o
f t
he
m
ma
jo
r (
ov
er
3,
80
0 m
3/
d)
dis
cha
rge
rs.
Th
es
e f
aci
lit
ies
ha
ve
no
t b
ee
n r
eq
ui
re
d t
o
mo
ni
to
r
for
at
lea
st
six
yea
rs.
Th
ei
r t
ota
l ﬂ
ow
for
19
86
wa
s
84
,7
90
m3
/ d
; t
his
res
ult
s i
n a
n u
nr
ep
or
te
d
lo
ad
in
g o
f 9
3 t
if a
tot
al
ph
os
ph
or
us
ef
ﬂu
en
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 TABLE 11
REPO
RTED
EFFL
UENT
FLOW
S, P
HOSP
HORU
S CO
NCEN
TRAT
IONS
, AN
D MO
NTH
LY C
OMPL
IANC
E FO
R TH
E
40 LARGESTI MUNICIPAL DISCHARGES IN THE GREAT LAKES BASIN
           
JURIS- AVERAGE FLOW RATE ANNUAL AVG.”3 PHOSPHORUS MONTHLY ACHIEVEMENT
FACILITY DICTION (103 m3/d) CONCENTRATIONS (mg/L) WITH 1 mg/L LIMIT"
1985 1986 1987 1985 1986 1987 1985 1986 1987
1. Detroit MI 2744 2764 NA 0.59 0.70 NA 12 12 NA
2. Toronto-Main ON 653 903 842 0.96 1.07 0.73 7 6 10
3. Buffalo-Birds Island NY 624 630 NA 0.79 0 68 NA 12 12 NA
4. Milwaukee-Jones Island WI 521 530 NA 0.49 0 44 NA 12 12 NA
5. Cleveland-Southerly OH 421 478 NA 0.95 0 52 NA 11 11 NA
6. Cleveland-Easterly OH 445 454 NA 0.35 0.26 NA 12 12 NA
7. Milwaukee-South Shore WI 347 406 NA 0.61 0.78 NA 12 11 NA
8. Rochester-Frank VanLate NY 263 403 NA 0.78 0.71 NA 10 12 NA
9. Toronto-Humber ON 363 392 403 1.32 1.02 0.88 4 5 9
10. Toledo OH 386 347 NA 1.15 1.14 NA 5 4 NA
11. Hamilton ON 293 315 307 1.52 0.73 0.78 11 11
12. WayneCo.-Wyandotte MI 253 284 NA 1.42 1 43 NA 1 0 NA
13. Syracuse NY 275 284 NA 0.79 1.02 NA 12 7 NA
14. Akron OH 270 275 NA 1.41 0.95 NA 1 9 NA
15. Mississauga—Lakeview ON 217 244 258 0.75 0.63 0.70 10 12 10
16. Grand Rapids MI 221 239 NA 0.67 0.78 NA 10 12 NA
17. Erie PA 236 203 195 0.58 0.55 0.39 4 11 12
18. Cleveland—Westerly OH 155 184 NA 0.78 0.58 NA 8 12 NA
19. FortWayne IN 170 180 NA 0.69 0.51 NA 12 12 NA
20. Toronto-Highland Creek ON 158 170 176 0.80 0.85 0.74 11 11 11
21. Flint MI 155 163 NA 0.72 0.71 NA 12 12 NA
22. Pickering ON 140 160 172 1.07 1.06 0.62 7 5 12
23. Duluth-W158 MN 132 153 125 0.87 0.84 0.76 10 9 11
24. Saginaw MI 144 147 NA 0.53 0 48 NA 12 12 NA
25. South Bend IN 137 144 NA 0.67 0 52 NA 9 11 NA
26. Hammond . IN 134 141 NA 0.20 0 36 NA 12 12 NA
27. GreenBay WI 144 137 NA 0.46 0 49 NA 12 12 NA
28. Gary IN 138 128 NA 0.42 0.36 NA 12 12 NA
29. London-Greenway ON 127 127 111 0.86 0.66 0.72 9 12 11
30. Windsor-Westerly ON 118 126 124 0.85 0.72 0.69 11 10 12
31. Niagara Falls NY 170 125 NA 0.81 0.63 NA 10 11 NA
32. Warren MI 111 121 NA 0.78 0.73 NA 12 12 NA
33. Muskegon CountyDPW MI 43 104 NA 0 14 0.21 NA 12 12 NA
34. Kalamazoo MI 116 102 NA 3.01 0.60 NA 1 10 NA
35. Thunder Bay ON 110 101 82 1.10 0.80 1.01 5 10 7
36. Racine WI 86 98 NA 0.84 0.80 NA 12 12 NA
37. Kenosha WI 87 92 NA 0.41 0.28 NA 10 12 NA
38. Genesee Co. No. 2 MI 81 91 NA 0.55 0 63 NA 12 12 NA
39. Amherst NY 86 87 NA 0.85 0 80 NA 11 11 NA
40. Lansing MI 88 86 NA 0.37 0 48 NA 12 12 NA
41. Euclid" OH 76 72 NA 1.10 1 17 NA 5 5 NA
‘Based on ﬂow in 1986.
2All concentration data averages are flow weighted for the water year. Flow-weighted concentrations are
estimated by dividing the mean annual loading by the mean annual ﬂow.
3Based on monthly ﬁnal efﬂuentreports for the wastewater treatment plants, excluding combined sewer
overﬂows and bypasses.
"The Euclid STP is being reported until compliance is achieved.
NA = Not available for Commission review.
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 TABLE 12
REPORTED PHOSPHORUS LOADINGS FROM INDUSTRIAL SOURCES TO THE GREAT LAKES
(tonnes per year)
 
UNITED STATES CANADA TOTALS
LAKE 1985 1986 1987 1985 1986 1987 1985 1986 1987
Superior 2 24 NA 149 137 154 150 160 INC
Michigan 101 138 NA - - - 101 138 INC
Huron 21 57 NA 3 1 1 24 58 [NC
Erie 44 49 NA 37 20 22 81 69 INC
Ontario 31 27 NA 17 29 22 48 56 [NC
          
Totals may not sum due to rounding.
INC = Incomplete data available.
NA = Not available for Commission review.
these unreported or improperly reported loads is of great concern, especially in view of some of the load
allocations discussed earlier. Therefore, the Water Quality Board recommends to the Commission that:
14. The Parties and jurisdictions improve the process and systems of reporting point source phosphorus
information, speciﬁcally to minimize the number of unreported and incorrectly reported sources.
DETERGENT PHOSPHORUS
Ohio has instituted a limit (0.5% by weight as phosphorus) for those counties in the Lake Erie
drainage basin, to commerce in 1990. Pennsylvania has instituted the same limit, effective March 1, 1990
for the Lake Erie and Chesapeake Bay drainage basins, and a year later in the rest of the state.
The Canadian report (1) states that with the regulation of phosphorus concentration in cleaning
compounds and water conditioners now under CEPA, there is "the potential to result in substantial
phosphorus loading reductions throughout the Canadian Great Lakes Basin.” The Board will track
developments.
The Board notes that the Canadian detergent phosphorus limit is 2.2%, over four times the limit of
0.5% applicable in the United States portion of the basin, which is also the Agreement requirement
where necessary to meet loading allocations. A further reduction in Canada would allow municipal
treatment plants which remove phosphorus to achieve lower efﬂuent concentrations with the same
effort. In addition, a lower phosphorus limit would lower the efﬂuent concentrations from those
municipal and private plants that 'do not remove phosphorus, as well as reduce the phosphorus content
in wastewater from combined sewer overﬂows and treatment plant bypasses. Therefore, to meet the
intent of the Agreement, the Water Quality Board recommends to the Commission that:
15. Canada implement legislation to reduce the content of phosphorus in laundry detergents to 0.5% by
weight as phosphorus.
NONPOINT SOURCES
Table 13 details within-lake phosphorus loadings from point and nonpoint sources for all five lakes
and the international portion of the St. Lawrence River for WY 1986. Of interest are the nonpoint
35
 TABLE 13
SUMMARY OF 1986 ESTIMATED INDUSTRIAL, MUNICIPAL ANDTRIBUTARY PHOSPHORUS
LOADING DATA TO THE GREAT LAKES BY POINT AND NONPOINT ATTRIBUTION
(All values are in tonnes /year)
   
ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE
RIVER
POINT:
Direct Industrial
81
60
23
38
29
14
Discharge
Indirect Industrial
79
79
35
30
27
0
Discharge
Direct Municipal
78
367
134
1689
1384
146
Discharge
Indirect Municipal
60
488
305
724
365
27
Discharge
Point Subtotal
298
995
496
2481
1805
188
NONPOINT:
Tributary:
Monitored
1206
2646
1505
5446
1985
93
Adjustment for
Unmonitored Area
1064
881
803
1753
652
90
Nonpoint Subtotal
2269
3527
2308
7199
2637
182
Within Lake Totals
2567
4522
2805
9680
4441
370
      
Totals may not sum due to rounding.
estimates for Lake Erie (7,199 t) and Lake Ontario (2,637 t). Similar estimates were made (5) for the
three preceding years (1983-85) for Lake Erie (5,628, 8,477 and 7,293 t, respectively) and Lake Ontario
LAKE ESTIMATES AND TARGET LOADS
(1,586, 2,375 and 1,717 t). Over the four-year period no trend is discemable for either lake.
In its 1987 Report, the Board discussed concerns about tributary loading estimates and target
loads. The most recent (WY 1986) data reaffirms those previous concerns. Table 14 summarizes WY
1986 loading estimates for the five lakes and the international portion of the St. Lawrence River. The
36
 
 es
ti
ma
te
d l
oa
di
ng
s t
o L
ak
es
Su
pe
ri
or
an
d
Mi
ch
ig
an
ap
pe
ar
to
be
lo
w
en
ou
gh
to
pr
es
er
ve
th
ei
r o
li
go
tr
o-
ph
ic
st
at
e i
n o
pe
n
wa
te
rs
.
Th
e
si
tu
at
io
n w
it
h
re
ga
rd
to
La
ke
Hu
ro
n
is
les
s c
lea
r,
si
nc
e t
he
es
ti
ma
te
is
cl
os
e t
o t
he
or
ig
in
al
19
78
tar
get
; a
s i
n 1
98
5,
th
e m
aj
or
po
rt
io
n o
f t
he
mo
ni
to
re
d
tr
ib
ut
ar
y l
oa
di
ng
es
ti
ma
te
is
th
e S
ag
in
aw
Ri
ve
r
(1
,1
05
i
40
9 t
(9
5%
co
nf
id
en
ce
in
te
rva
l)
in
W
Y
19
86
).
Th
is
es
ti
ma
te
is
ba
se
d o
n
on
ly
12
sa
mp
le
s,
wh
ic
h
is
in
ad
eq
ua
te
si
nc
e t
he
sa
mp
li
ng
di
d n
ot
ca
pt
ur
e t
he
co
nc
en
tr
at
io
ns
du
ri
ng
th
e r
is
in
g
li
mb
s o
f t
he
hy
dr
og
ra
ph
in
thi
s v
er
y w
et
ye
ar
.
Th
us
, i
t i
s q
ui
te
pr
ob
ab
le
th
at
th
e t
ar
ge
t l
oa
d f
or
all
of
Sa
gi
na
w B
ay
of
44
0 t
wa
s
gr
ea
tl
y e
xc
ee
de
d.
Th
e
lo
ad
in
g e
st
im
at
es
fo
r L
ak
e
Er
ie
we
re
11
,2
16
an
d
11
,1
18
t i
n W
Y
19
85
an
d
19
86
, r
es
pe
ct
iv
el
y.
Th
es
e a
re
sl
ig
ht
ly
ab
ov
e t
he
ta
rg
et
lo
ad
of
11
,0
00
t.
Wi
th
a s
ta
nd
ar
d
er
ro
r o
n
th
e o
rd
er
of
30
0
t, i
t i
s a
le
ss
-t
ha
n-
ev
en
be
t t
ha
t t
he
ta
rg
et
wa
s
me
t.
An
es
ti
ma
te
of
ab
ou
t
10
,4
00
t w
ou
ld
be
re
qu
ir
ed
be
fo
re
on
e
co
ul
d
be
we
ll
as
su
re
d
th
at
th
e
ta
rg
et
ha
d
be
en
me
t.
Th
e
lo
ad
in
g
es
ti
ma
te
fo
r L
ak
e
On
ta
ri
o o
f 9
,5
61
t i
s w
el
l
ab
ov
e t
he
ta
rg
et
lo
ad
of
7,
00
0 t
.
Mu
ch
of
th
e
in
cr
ea
se
ov
er
pr
ev
io
us
ye
ar
s i
s a
tt
ri
bu
ta
bl
e t
o t
he
Ni
ag
ar
a R
iv
er
.
In
W
Y
19
86
, t
he
es
ti
ma
te
d l
oa
di
ng
fr
om
th
e N
ia
ga
ra
Ri
ve
r w
as
4,
91
9 t
, c
om
pa
re
d t
o 2
,85
6,
3,3
30,
3,1
83,
3,
44
8 a
nd
3,
40
0 t
for
WY
s
198
1-8
5,
re
sp
ec
ti
ve
ly
.
Hi
gh
ﬂo
ws
we
re
a f
ac
to
r i
n t
he
Ni
ag
ar
a’
s 1
98
6 e
st
im
at
e.
Th
e e
st
im
at
e f
or
La
ke
On
ta
ri
o
mi
gh
t w
el
l h
av
e b
ee
n h
ig
he
r h
ad
th
e G
en
es
ee
Ri
ve
r b
ee
n a
de
qu
at
el
y s
am
pl
ed
; t
he
sa
mp
li
ng
ap
pe
ar
s t
o
ha
ve
mi
ss
ed
th
e u
pw
ar
d
li
mb
s o
f t
he
hy
dr
og
ra
ph
du
ri
ng
ev
en
ts
.
Th
e
pr
ob
le
ms
wh
ic
h l
ed
to
re
co
mm
en
da
ti
on
s i
n t
he
19
87
Bo
ar
d R
ep
or
t c
on
ti
nu
e,
na
me
ly
th
e
as
se
ss
me
nt
of
wh
et
he
r
ta
rg
et
lo
ad
s a
re
me
t
wh
en
ye
ar
ly
es
ti
ma
te
s a
re
gr
ea
tl
y i
nﬂ
ue
nc
ed
by
th
e w
et
ne
ss
of
th
e y
ea
r,
an
d
th
e i
mp
os
si
bi
li
ty
of
ma
ki
ng
so
un
d
in
fe
re
nc
es
wh
en
sa
mp
li
ng
is
in
ad
eq
ua
te
.
Th
er
ef
or
e,
th
e B
oa
rd
re
it
er
at
es
its
tw
o
re
co
mm
en
da
ti
on
s
tha
t:
16.
Th
e P
art
ies
, i
n c
oo
pe
ra
ti
on
wi
th
the
Co
mm
is
si
on
, d
ev
el
op
pr
oc
ed
ur
es
wh
ic
h t
ake
int
o a
cc
ou
nt
the
ye
ar
ly
va
ri
ab
il
it
y
in
tr
ib
ut
ar
y l
oa
di
ng
es
ti
ma
te
s d
ue
to
th
e w
ea
th
er
, f
or
as
se
ss
in
g w
he
th
er
th
e
ph
os
ph
or
us
ta
rg
et
lo
ad
s s
pe
ci
fi
ed
in
th
e 1
97
8
Ag
re
em
en
t a
re
be
in
g m
et
.
17.
Th
e P
art
ies
ide
nti
fy
ke
y t
rib
uta
rie
s a
nd
en
su
re
tha
t s
am
pl
in
g i
s c
on
du
ct
ed
so
tha
t r
eli
abl
e p
ho
sp
ho
ru
s
loading estimates are obtained.
Al
th
ou
gh
,
as
pr
ev
io
us
ly
di
sc
us
se
d,
mi
ss
in
g
da
ta
pr
ev
en
te
d
th
e
de
ve
lo
pm
en
t
of
la
ke
wi
de
lo
ad
in
g
es
ti
ma
te
s f
or
19
87
, m
uc
h
of
th
e a
va
il
ab
le
da
ta
wa
s
as
se
mb
le
d
an
d
re
vi
ew
ed
.
Ba
se
d
on
th
is
in
fo
rm
at
io
n,
two deficiencies were noted:
0
Fo
r
th
e S
ag
in
aw
Ri
ve
r,
in
ad
eq
ua
te
sa
mp
li
ng
co
nt
in
ue
d.
0
Fo
r
La
ke
On
ta
ri
o,
no
hi
gh
-f
re
qu
en
cy
ev
en
t s
am
pl
in
g
oc
cu
rr
ed
fo
r a
ny
Ne
w
Yo
rk
st
re
am
s,
an
d
pr
ev
io
us
pr
og
ra
ms
on
th
e G
en
es
ee
, O
sw
eg
o
an
d B
la
ck
Ri
ve
rs
ha
ve
be
en
dr
op
pe
d b
y
US. EPA.
FUTURE REPORTING NEEDS
Re
po
rt
in
g p
ho
sp
ho
ru
s
da
ta
sh
ou
ld
be
ro
ut
in
e.
Th
e
Pa
rt
ie
s a
nd
ju
ri
sd
ic
ti
on
s h
av
e i
nv
es
te
d
co
ns
id
-
er
ab
le
re
so
ur
ce
s
in
to
da
ta
ma
na
ge
me
nt
fo
r t
he
va
ri
ou
s
ty
pe
s o
f i
nf
or
ma
ti
on
th
at
ne
ed
to
be
re
po
rt
ed
.
Ho
we
ve
r,
di
ff
ic
ul
ti
es
ar
e p
er
en
ni
al
ly
en
co
un
te
re
d
in
co
ll
ec
ti
ng
da
ta
th
at
sh
ou
ld
be
re
ad
il
y a
va
il
ab
le
.
A
te
mp
la
te
sh
ou
ld
be
es
ta
bl
is
he
d a
nd
ke
pt
cu
rr
en
t f
or
th
e r
ep
or
ti
ng
of
ph
os
ph
or
us
lo
ad
s,
co
nc
en
tr
at
io
ns
an
d
co
mp
li
an
ce
.
Th
e
ef
fo
rt
re
qu
ir
ed
to
fil
l i
n s
uc
h
a
te
mp
la
te
ea
ch
ye
ar
(e
ve
n i
n n
on
re
po
rt
in
g y
ea
rs
)
sh
ou
ld
be
de
te
rm
in
ed
an
d
ma
de
pa
rt
of
ea
ch
Pa
rt
y a
nd
jur
is
di
ct
io
n’s
ba
se
bu
dg
et
.
Th
is
is
ne
ce
ss
ar
y i
n
or
de
r
to
ge
t
on
wi
th
th
e b
us
in
es
s
of
re
po
rt
in
g p
er
si
st
en
t t
ox
ic
su
bs
ta
nc
es
,
wh
ic
h
wi
ll
re
qu
ir
e
in
no
va
ti
ve
me
th
od
s
qu
it
e d
if
fe
re
nt
th
an
th
os
e
us
ed
fo
r p
ho
sp
ho
ru
s
bu
t
no
ne
th
el
es
s
wi
ll
re
qu
ir
e a
te
mp
la
te
re
po
rt
-
in
g p
ro
to
co
l t
ha
t
ca
n
us
e
th
e
ph
os
ph
or
us
ex
pe
ri
en
ce
as
an
ex
am
pl
e.
_37
 
TABLE 14
SUMMARY OF 1986 ESTIMATED ATMOSPHERIC, INDUSTRIAL, MUNICIPAL AND TRIBUTARY
PHOSPHORUS LOADING DATA TO THE GREAT LAKES
(All values are in tonnes/year)
   
ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL
RIVER
Atmospheric5 491 459 748 358 201 - 2258
(standard error) (104) (80) (119) (56) (29) (188)
Direct IND Discharge 81 60 23 38 29 14 245
(standard error) (5) (9) (2) (3) (4) (2) (12)
Direct MUN Discharge 78 367 134 1689 1384 146 3798
(Standard error) (5) (15) (5) (67) (51) (6) (86)
Tributary: Monitored 1345 3214 1845 6201 23761 119 15100
(standard error) (61) (139) (132) (224) (120) (15) (325)
Adjustment for
Unmonitored Area 1064 881 803 1753 652 90 5242
(standard error)2 (90) (56) (202) (236) (63) (15) (335)
Within Lake Totals 3059 4981 3553 10038 4642 370 26643
From Connecting 657 1080 49194 3087
Channels
OVERALL TOTALS 3059 4981 4210 11118 9561 3456
(standard error) (151) (172) (269) (337) (291) (112)
Target Loads3 11000 7000 -
         
Totals may not sum due to rounding.
1Includes Buffalo River.
2Standard errors calculated from tributary loading estimates used in making adjustments.
3Annex 3, 1978 Great Lakes Water Quality Agreement.
‘See discussion of Niagara River loading in text.
5Atmospheric estimates were made from samples obtained from precipitation collectors, with any samples giving
a loading rate greater or equal to 0.4 mg/ m'd discarded as contaminated. Estimates are doubled to account for
dry deposition.
PARTIES’ REVIEW OF PHOSPHORUS CONTROL MEASURES
Section 6 of Annex 3 requires the Parties to "meet no later than December 31, 1988, to review the
effectiveness of the programs and measures described herein, and any remaining load reduction meas-
ures required to achieve the target loads.” This meeting has not taken place. Therefore, the Board
recommends to the Commission that:
38
 18. The Parties hold their mandated meeting as soon as possible and as a component of their agenda deal
with the concerns and recommendations regarding control of phosphorus which have been raised in this
report and its predecessors.
DISCHARGES FROM VESSELS AND ONSHORE/OFFSHORE FACILITIES
Annexes 4 to 6 and 8 to 10 address discharges of contaminants and wastes from vessels and from
onshore and offshore facilities, the review of shipping sources, and contingency planning. The focus is
on accidental spills, process malfunctions and other unplanned releases. Primary federal responsibility
for reporting marine spills lies with the Coast Guards, which meet annually under the amended Agree-
ment and prepare a report for the Commission. Onshore releases are reported to various federal, state,
and provincial agencies. The discussion below is based largely on information in the Canadian Party
report (1 ), the 1988 Coast Guard report (3), and a briefing and material provided by the Technological
Committee of the Science Advisory Board. The presentation considers unplanned releases, foreign
organisms in ballast water, vessel wastes, maritime use of organotin compounds, and hazardous pollut-
ing substances.
UNPLANNED RELEASES
The Commission receives information about discharges from vessels and from onshore and
offshore facilities in the Great Lakes basin as reported to the Canadian and the United States Coast
Guards. The reports received are unclear and incomplete in relation to the occurrence and reporting of
incidents, the information reported, the responsible agencies, and data management.
Incidents Reported
Canada
According to the Canadian Party report (1), "the Canadian Coast Guard received 191 pollution
repor
ts at
tribu
table
to sh
ippi
ng an
d non
ship
ping
sourc
es on
the G
reat
Lake
s" in
1987,
comp
ared
to 27
6
in 19
86. T
he s
ame
repor
t als
o tab
ulate
s 189
spills
from
onsh
ore a
nd of
fshor
e faci
lities
in 19
87, a
nd 12
5 in
1988.
The
relat
ionsh
ip be
twee
n the
two
types
of re
porti
ng is
uncle
ar, a
s is w
heth
er th
e 191
pollu
tion
“reports” refer to real "happenings" or include potential releases. Further, the apparent reduction of
reports was not attributed to any pollution prevention program.
The 1988 Coast Guard report (3) mentioned 510 direct spills to the Canadian portion of the Great
Lakes and interconnecting channels; the majority of these are of unknown quantity. It is not clear if
these
are i
n add
ition
to th
e 191
pollu
tion
repor
ts no
ted a
bove,
or in
clude
these
previ
ously
liste
d spil
ls.
Also during 1987, Ontario MOE’s Spills Action Centre received reports of 5,810 spills, 3,990
compl
aints
, and
resp
onde
d to
an es
timat
ed 18
,000
inqui
ries.
Anot
her r
eport
(32) i
ndica
ted t
hat 1
1,138
incidents were reported by the Centre for the same time period. The Centre compiles information for
the entire province, not just that portion in the Great Lakes basin. From the information available, it is
not clear how many of these spills were directly to the Great Lakes, in the land portion of the basin
(either near the lakes and, therefore, potentially capable of impacting the boundary waters, or well
inlan
d), o
r out
side
the G
reat
Lake
s dra
inage
basin
. Th
e rel
ation
ship
betw
een t
he Ce
ntre’
s stat
istics
and
the reports received by the Canadian Coast Guard also is not clear.
United States
In th
e Uni
ted S
tates
water
s of
the G
reat
Lakes
, 218
verif
ied p
ollut
ion i
ncide
nts w
ere r
eport
ed to
the
US. Coast Guard, only nine not being attributed to oil. No further breakdown is provided about
Whet
her t
hese
are f
rom s
hips
or fr
om on
shor
e or
offsh
ore f
acilit
ies. N
o inf
ormat
ion f
rom s
tate o
r oth
er
federal sources (see below) was provided.
Reporting Responsibilities and Reporting Requirements
The reporting process for unplanned releases is fragmentary and haphazard, largely because
juris
dicti
onal
respo
nsibi
litie
s are
split
by ma
ndat
e am
ong
sever
al ag
encie
s at a
ll lev
els of
gove
rnme
nt.
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 Twelve United States and four Canadian agencies are responsible for unplanned releases into the Great
Lak
es b
asi
n (3
2).
1
Information reported is inadequate. A review of information in the Canadian Party report (1)
reveals the paucity of information available based, for instance, on the number of spills reported of
unknown composition and quantity, as well as the lack of information about sources, causes, and
cleanup efficiency. This does not allow for quantification of inputs or any real assessment of impact or
environmental consequences. Further, the information that is reported is not necessarily verified.
Data Management Capabilities
Data management capabilities are also inadequate. There is no consolidated, comprehensive, or
coherent source of data and information in either country; 21 data bases are used to manage information
about unplanned releases (32). Most of the United States data bases are independent of each other.
Potential releases or "near-miss” situations comprise a problem in data gathering and may skew
any interpretation and conclusions about trends. This information is collected by the US. National
Response Center as a spill event, and certain types of potential releases are reported to Transport
Canada under the Transport of Dangerous Goods Act as “damaged bulk contaminant.”
Materials Transported
In 1987, 2.8 million tonnes of bulk chemical and hazardous cargoes were in transit through the St.
Lawrence Seaway and the Great Lakes. These cargoes included carbon tetrachloride, toluene, gasoline,
and creosote. In its tabulation of cargoes in transit, the Coast Guard frequently uses trade names which
often refer loosely to commercial mixtures such as petroleum products; fertilizers; liquor; and tar, pitch,
and asphalt. These do not correspond immediately or directly to an individual substance identiﬁed
under Annex 10 as a hazardous or a potentially hazardous polluting substance. Thus, it is difficult to
know what chemicals are transported. Further, the descriptions entered into the spills data bases may
vary among emergency response agencies. This ambiguity could lead to problems in communication,
confirmation, and response, especially when trying to assess the significance and impact of a spill.
Response
The 1988 Coast Guard report (3) states that, "None of the reported discharges [to Canadian waters
of the Great Lakes] were of a major type, but several required the Coast Guard to act as Lead Agency.
Cost recovery action has been initiated and should be completed by 1988.” In the United States portion
of the basin, there were nine federally funded cleanup projects costing about $71,000. This modest cost
infers that the discharges were not large. Other cleanups not involving United States federal funds were
not broached.
The effectiveness of the emergency response to the reported episodes was not discussed in either
the Canadian Party report or the 1988 Coast Guard report.
Response Capability and Preparedness
In spite of effort and good intentions devoted to preventing unplanned releases, such events do
occur. The massive oil spill from the Exxon Valdez in the Gulf of Alaska in March 1989 has raised the
issue of effective and timely spill response capability and preparedness in the Great Lakes basin. A joint
Canada/ United States Marine Pollution Contingency plan was adopted on June 20, 1974. Subsequent
amendments to the Agreement require the maintenance of a Great Lakes annex to the plan
(CANUSLAK) for use in the event of a discharge, or the imminent threat of a discharge of a harmful
quantity of oil or hazardous polluting substances. The purpose of CANUSLAK is to provide a coordi-
nated and integrated joint response to pollution incidents in the Great Lakes system by federal, state,
provincial and local agencies. The plan, amended in 1986 and reissued in 1987, supplements national,
provincial, regional and local plans of the United States and Canada. The periodic exercises held by the
Coast Guard to simulate the response to incidents are crucial, as is the continued need for research and
development in the field of spill containment and spill dispersal methodologies. Pilot and large-scale
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 order to allow calculation of the loading, the information provided should also include the concentra-
tion, duration, and quantity of pollutant discharged. -
GREAT LAKES NAVIGATIONAL SAFETY, ACCIDENTAL SPILLS AND ILLEGAL DISCHARGES
Safety in navigation of commercial vessels in the Great Lakes system is fundamental to avoiding
spills of hazardous materials through collisions with other vessels or with fixed structures or by ground-
ing. The Great Lakes Pilotage Regulations require all foreign crewed vessels navigating the designated
compulsory pilotage areas of the Great Lakes to carry a licenced pilot. Currently, exemptions from
compulsory pilotage can be granted by the Great Lakes Pilotage Authority on application by the ship’s
owner, based on the physical characteristics of the vessel and on the presumed competence of the crew,
as vouched for by the ship’s owner. However, proposed changes in the regulations to not require
licenced pilots may undermine navigational safety, especially in areas where compulsory pilotage is
presently imposed.
The Technological Committee of the Science Advisory Board briefed the Water Quality Board on a
meeting with the Corporation of Professional Great Lakes Pilots and the Lakes Pilot Association Inc.
The Great Lakes pilots have expressed their concerns on the proposed elimination of compulsory
pilotage throughout the Great Lakes. The pilots have warned that this will mean that unqualified
officers rather than qualified pilots will be in charge of ships.
The Water Quality Board expresses its concern with these proposed changes and recommends to
the Commission that:
22. The Parties review the potential consequences if compulsory pilotage is eliminated, review the adequacy
of present training requirements for masters and pilots, and review present requirements regarding the
management of hazardous cargoes.
Another confounding factor is “The Coastal Trade and Commercial Marine Activities Act,” passed
by Canada in 1988. It will eventually permit the substitution of Canadian ﬂagged andCanadian crewed
vessels with foreign ﬂagged and foreign crewed vessels, a process which could pose an even greater
threat to navigational safety in the Great Lakes when coupled with the amendment to the Great Lakes
Pilotage Regulations described above.
FOREIGN ORGANISMS IN BALLAST WATER
Foreign organisms have invaded the Great Lakes system at various times since the early 18003 and
have competed aggressively with native biota. Well established foreign species include the sea lamprey,
a parasite to lake trout; the alewife; the Asian clam; and several plant species. Most introductions were
the result of efforts to improve marine access to the Great Lakes through the Erie Barge Canal in the
18305 and the opening of the St. Lawrence Seaway in 1954.
Recent newcomers to the Great Lakes, such as the ruffe (a European perch—like fish), the zebra
mussel (also from Europe), and the spiny water ﬂea have made a dramatic venue in certain areas of the
Great Lakes and are spreading rapidly. The Great Lakes Fishery Commission (GLFC) is considering
undertaking an inventory of all exotic organisms in the Great Lakes and developing a policy for the
protection of healthy fish communities from foreign invasion.
The zebra mussel was discovered in western Lake Erie in late 1987 and more recently in the Detroit
River and Lake St. Clair. By mid-1989, they had been found as far east as Long Point on the north shore
of Lake Erie and at Cleveland on the south shore. This mussel reproduces and grows in water of about
15°C and can survive in colder water. They are mobile in the larval stage, adhering firmly to sand
particles, water intake pipes, fishnets, boat hulls and to other solid surfaces. This species is already
causing problems, and the potential to cause even greater problems is serious, especially for the cooling
water intakes of electrical power generating facilities and municipal and industrial water intakes.
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The Canadian Coast Guard has amended its regulations (to come into force in 1990) to permit
periodic sampling of sewage efﬂuents. Following promulgation of the amendment, foreign vessels fitted
with IMO-approved units and United States vessels equipped with United States Coast Guard certiﬁed
units, will be obliged to prove satisfactory operation of the units before entry to Canadian Great Lakes
ports.
The Coast Guard report (3) also states that they are reviewing the need for guidelines whereby
cargo residues are to be considered as garbage and thereby subject to the discharge standards. They
feel, however, that some guidance is needed from the Commission on the potential problem which such
cargo residues may pose to the Great Lakes. The Water Quality Board, however, does not have the
necessary information to advise the Commission on this matter and recommends to the Commission
that:
25. The Parties and jurisdictions review the Canada and United States Coast Guard information and
International Maritime Organization studies to determine the potential problems associated with, and
solutions to the disposal of cargo ship residues.
MARITIME USE OF ORGANOTIN COMPOUNDS
Organotin compounds, including tributyl tin, are used in marine bottom paints for application to
boat hulls and marine and aquaculture facilities. These compounds pose a threat to the Great Lakes
because of their acute toxicity to aquatic organisms.
United States
The United States enacted the Organotin Anti-fouling Paint Control Act on June 16, 1988. The Act
prohibits the sale of organotin-combining compounds used in formulating anti-fouling paints. It also
prohibits application of paints containing organotins to vessels less than 25 metres in length. Vessels in
this size category (primarily pleasure craft) accounted for a large amount of the organotin biocide
released into the aquatic environment. Exceptions to the regulations include the application of the anti-
fouling paint to the aluminum hull or to the outboard motor and lower drive unit of vessels less than 25
metres in length.
Canada
In Canada, regulatory authority lies with Agriculture Canada under the Pest Control Products Act.
Canada DOE and DFO have recommended controls similar to those in the United States. The depart-
ments l’are strengthening their policies regarding these substances” and "a series of options have been
proposed to restrict the use of [tributyltin] compounds” (1) through domestic and international regula-
tion.
There is a potential problem with foreign vessels painted with organotin compounds entering the
Great Lakes. This will undoubtedly require resolution at the IMO level.
The Water Quality Board recommends to the Commission that:
26.
The marine use of all organotin compounds be immediately banned in the Great lakes basin.
HAZARDOUS POLLUTING SUBSTANCES
Annex 10 calls for the Parties to maintain lists of hazardous and potentially hazardous polluting
substances which, if discharged in any quantity, would present an imminent and substantial danger to
public healthor welfare. The annex also requires the Parties to develop and implement programs and
measures to minimize or eliminate the risk of release of these substances to the Great Lakes.
The Canadian Party report (1) states that the original intent of Annex 10 has, to a large extent, been
met by Canada through the promulgation of the Transport of Dangerous Goods Act, the Canadian
Environmental Protection Act, and Ontario legislation. In addition, the intent has been met internation-
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 water erosion. These measures are necessary but not sufficient. Analogous to the modification of
industrial production processes to reduce or eliminate the generation and/ or use of persistent toxic
substances, the agricultural community must more aggressively investigate the development and use of
alternatives to chemical pesticides, in order to reduce - and eventually eliminate - dependence on, and
use of these chemicals.
In some circumstances, even technology-based control requirements and process changes are not
sufficient to virtually eliminate the discharge of persistent toxic substances. Another key element in the
initiative may be a total ban on the production, processing, import, export, transport and sale of certain
persistent toxic substances. This may be easy in theory but difficult in practice, such as the case of PCBs
or 2,3,7,8-TCDD. Even with a near-total ban, technology-based controls and process changes are
required to respond to residuals or inadvertently generated quantities that enter a waste stream.
WASTE MANAGEMENT AND DISPOSAL
Over the years, large quantities of waste have accumulated and will continue to accumulate, as
additional wastes are generated during production and considering the massive quantities of products
used and disposed of every day. In spite of programs to reduce, reuse, recycle, and recover wastes,
there remains a nagging question of what to do with the residue. At present, there is no ultimate
solution to this long-standing problem. In large measure with present policies, pollutants and their
concomitant risk are moved from one medium or location to another. The consequence of postpone-
ment in dealing with these wastes are such events as the PCB-warehouse fire at St-Basile—le-Grand,
Québec, and the dribbling of PCBs from leaky transformers transported along the Trans-Canada High-
way in northwestern Ontario. How many other events have occurred on a much smaller scale and/ or
have gone undetected or unreported, resulting in release to the atmosphere, surface water, or ground-
water and endangering the ecosystem?
To assess the magnitude of the waste management issue, it is estimated that at least 90% of all
hazardous waste generated in North America is treated, recycled, or disposed of onsite by the waste
generator, leaving 10% to be transported to treatment and disposal facilities (27). Estimates of the
quantity of hazardous waste vary. In Canada for 1988, about three million tonnes (50% of the national
total) of hazardous wastes were generated in Ontario and 1.8 million tonnes in Québec. In the United
States for 1985, the Great Lakes states estimated 18.3 million tonnes, and US. EPA estimated a range of
51.8-105.9 million tonnes (27).
Storage and transport of wastes do not remove any threat or solve any problem. Proven technol-
ogy exists to effect a permanent solution for wastes. For example, PCBs can be destroyed to a level of
99.9999% through proper incineration, e.g. with a cement kiln. However, public concern about
aesthetics and potential risk, and political pressures precluded implementation of this proven technol-
ogy almost 15 years ago.
The Board recognizes that there is no such thing as "zero risk” for any technology or course of
action, but the social and economic costs associated with not dealing directly with the waste issue in
general, and with persistent toxic wastes in particular, and the legacy to be left for future generations
must be considered.
The Water Quality Board recommends to the Commission that:
28.
The Parties expedite development of permanent remedies for hazardous waste, along with concomitant
reduction, reuse, recycling, and recovery programs, and assess whether these measures are sufficth to
virtually eliminate the input of persistent toxic substances from this source.
The Board encourages the use of mobile facilities to eliminate the need for, and the risk associated
with long-distance transport of large quantities of contaminated material to a central site.
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.
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pr
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en
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, n
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po
in
t
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nt
ro
l
me
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ne
ed
ed
,
me
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es
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pl
em
en
te
d
to
da
te
, f
un
d-
in
g l
ev
el
s
an
d
so
ur
ce
s,
su
cc
es
sf
ul
re
me
di
at
io
n
of
im
pa
ir
me
nt
s)
.
0
Pr
og
re
ss
in
de
ve
lo
pi
ng
no
np
oi
nt
so
ur
ce
co
nt
ro
l p
ro
gr
am
s,
su
rv
ei
ll
an
ce
pr
og
re
ss
fo
r e
st
im
at
-
ing loadings, and demonstration projects.
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Progress in change of land-use and land-management practices in watersheds with nonpoint
impairments as a measure of success in tracking implementation.
To
track and evaluate progress in remediating impairments and reducing loadings of pollutants
from nonpoint sources, the Water Quality Board recommends
to the Commission that:
29.
The Parties and the jurisdictions provide information about nonpoint source pollution, as speciﬁed in
this Report.
To
assist the Commission and its Boards in tracking status and evaluating progress, a standard
procedure for reporting this information should
be adopted.
Also, a computer-based
technology
such
as the Geographic Information System
(GIS), which
allows electronic provision
and
analysis of data, can
greatly assist in this endeavour.
WETLANDS
Wetlands are a vital component
of the Great Lakes Basin Ecosystem.
In recent years the Parties
and
jurisdictions have
made
progress in organizing, funding and
planning for their protection and
restoration.
Wetlands not only form
the link between
aquatic and
terrestrial ecosystems but also pro-
vide
key linkages in maintenance of water quality,
storage, and
ﬂow.
Marshland areas act as sediment traps and
thereby trap contaminants that would
otherwise
enter
the
lakes.
They
also provide a
diversity of organic detrital material essential for lake productivity.
Wetlands
provide critical habitat for various aquatic
species.
They
are the nursery
grounds
for
many
fish,
and
breeding
and
migratory staging
areas for waterfowl.
Many
fish-eating species that have
been
affected
by
persistent toxic chemicals
during
the
past 40
years
require
wetland habitat
for breeding
and feeding.
Wetlands
are
crucial to the
maintenance
of natural
water flows, the
recharging
of aquifers and
water
tables, and
the
related maintenance
of water
quantity
since they
can
store water
during
periods
of
high
precipitation.
Wetlands
also exert
microclimate effects (e. g. moderation of urban
heat sources).
Marshes
and
wetlands
fulﬁll the
aesthetic and
recreational needs
of growing
urban
populations,
and
provide important
opportunities for public
education on
the
value
of our
surrounding
environment.
Between
1800
and
1982,
more
than
60%
of
the
wetlands
in southern
Ontario
were
lost;
in south-
western
Ontario,
more
than
90%
have
been
converted
to
other
uses
(38).
Similar
losses
have
occurred
in
the
United
States
portion
of
the
basin.
Several
factors
stress wetlands
and
contribute
to
their loss.
The
most
serious
losses
result from
drainage
for
agricultural production
and
continued
use
of
wetlands
for
urban
development
and
for
waste
disposal
purposes.
Contrary
to popular
perceptions,
naturally
ﬂuctuating
water
levels
do
not
destroy
wetland
systems
through
periodic
inundation
and
desiccation;
rather,
this process
regenerates
marshland
vegetation.
On
the
other
hand,
introductions
of
exotic
species
of
plants
such
as
purple
loosestrife and
fish such
as
carp
have
disrupted
wetland
ecology.
Aquatic
environments
stressed
by
ice scouring
and
nutrient
impoverishment
tend
to be
where
rare
plants
are
found
(25).
Thus
eutrophication
of wetlands,
stabilization
of
water
ﬂuctuations,
and
intro-
ductions
of
exotic
species
threaten
the
diversity
of
wetland
biota.
Other
stresses
include
surface
and
groundwater
changes
(which
have
dried
up
wetlands)
as
well
as
other
extensive
resource
use
(e.g.
aggregate extraction).
Under
Annex
7
of
the
1978
Agreement,
the
Parties
agreed
to
identify
and
preserve
significant
wetlands
that were
threatened
by
dredging
and
disposal
activities.
The
1987 amendments
added
new
responsibilities
concerning
wetlands
under
Annex
13;
these
include
identiﬁcation,
preservation,
rehabili-
tation,
and
restoration
of
significant wetland
areas
threatened
by
urban
and
agricultural
development
and
by
waste
disposal
activities.
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used (24) as the basis for designating specific wetland areas of provincial, regional and local significance.
The proposed policy, together with the Implementation Guidelines, would give formal protection to the
more important wetlands of provincial and regional significance.
At present, the wetlands management program in Ontario embraces wetland evaluation, the
securing of threatened wetland wildlife habitats and gradual encouragement of landowner stewardship,
full property tax relief for wetland owners, research into the formation and stewardship of wetlands,
publicizing the value of wetlands, and monitoring planning activities to preserve signiﬁcant wetlands
and related fisheries.
OTHER ACTIVITIES AND INITIATIVES
The Association of State Wetland Managers encourages liaison through such meetings as the
proposed International Workshop on Great Lakes Wetlands, which will be held in cooperation with the
National Audubon Society and the State University of New York at Syracuse. In October 1988, the
Great Lakes Research Consortium of SUNY-Syracuse organized a Great Lakes Wetlands Workshop in
Toronto to develop collaborative programs for wetlands research. This was held just prior to the
Ontario Wetlands: Inertia or Momentum Conference hosted by the Federation of Ontario Naturalists.
Further, at the workshop held under the Commission’s lake levels reference, descriptive information on
the impacts of water levels on the quantity and quality of Great Lakes wetlands was compiled.
CONCLUSIONS
There has been a tendency to interpret the Agreement in terms of traditional water quality man-
dates involving the open lakes and nearshore areas, while omitting wetlands and their associated ﬂora
and fauna. Fisheries, waterfowl and botanical interests which transcend regional or national institutions
need to be considered, consistent with an ecosystem management approach. In addition, the momen-
tum that has developed concerning wetlands, as a result of the lake levels reference, needs to be contin-
ued.
Because of their ecological importance to the Great Lakes Basin Ecosystem, more attention needs to
be given to wetlands in the future. In particular, the Commission should monitor progress to identify
Great Lakes wetlands, specify constraints to their protection and management, and monitor their status
and trends. The Water Quality Board recommends to the Commission that:
30.
The Parties, in cooperation with state and provincial governments, establish and maintain a registry
of information on wetland losses.
31.
The Parties, in cooperation with state and provincial governments, ensure that surveys which are
conducted in relation to the requirements of Annexes 2 and 13 include the linkages between contami—
nants found in wetlands and point and nonpoint sources.
32.
The Parties, in cooperation with state and provincial governments, evaluate the effectiveness of current
wetland legislation and policies to protect and restore wetlands and to maintain natural aquifers,
streamflows, and other factors critical to wetlands.
33.
The Science Advisory Board provide direction and advice about research into the interrelationships of
wetlands with other components of the Great lakes Basin Ecosystem.
To assemble, correlate, and use the wide array of physical, chemical, biological, social, economic,
and other information relevant to wetlands, the utility of such tools as automated Geographic Informa-
tion Systems should be considered.
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CONTAMINATED SEDIMENT
PERSPECTIVE
Because of the many and diverse roles they play, contaminated sediment and their management
are central features of the amended Agreement and the increased commitment to restoration and
rehab
ilita
tion.
Sedi
ment
s aff
ect bo
th th
e dis
tribu
tion
and b
iolog
ical
upta
ke of
nutri
ents
and c
ontam
i-
nants
; the
ir rol
e as b
uffer
s and
modu
lato
rs wi
ll si
gnifi
cantl
y inﬂ
uenc
e fut
ure a
ctivit
ies u
nder
the A
gree
-
ment
, inc
ludin
g rea
ssess
ment
and
refin
ement
of un
ders
tand
ing o
f the
eutro
phica
tion
and
cont
amin
ants
issue
s. It
will
also l
ikely
lead
to ne
w opp
ortun
ities
and
optio
ns to
inﬂu
ence
those
activi
ties t
hat di
rectl
y
or indirectly affect the distribution, movement, and deposition of clean and contaminated sediments in
the basin ecosystem.
The fundamental importance of sediments is clearly recognized in Annex 14. The commitment to
ident
ify t
he na
ture
and
exten
t of s
edim
ent p
ollut
ion o
f the
Great
Lake
s sys
tem a
nd th
e com
mitm
ent
to
evalu
ate t
he te
chnol
ogica
l cap
abili
ties
of pr
ogra
ms to
reme
dy s
uch p
ollut
ion a
re ma
jor u
ndert
aking
s.
The i
mpor
tanc
e of
these
objec
tives
is hig
hligh
ted b
y the
fact t
hat 4
1 of t
he 42
Area
s of C
once
rn ha
ve
contaminated sediments.
Sedi
ment
s (mo
re sp
ecifi
cally
, con
tami
nate
d sed
iment
s) th
us ne
ed to
be in
corpo
rated
into t
he RA
Ps
calle
d for
in An
nex
2. An
nex
17 (R
esear
ch an
d Dev
elop
ment
) con
tains
nume
rous
direc
t and
indir
ect
comm
itme
nts
to cl
arify
the r
ole o
f sed
imen
ts in
the G
reat
Lake
s sys
tem,
for i
nstan
ce, t
he ch
allen
ging
comm
itme
nt to
"Det
ermi
ne th
e rel
ation
ship
of co
ntam
inat
ed se
dime
nts o
n eco
syst
em he
alth
in ac
cor-
danc
e wit
h the
resea
rch n
eeds
of An
nexe
s 2, 1
2 and
14.”
This
resea
rch o
bliga
tion
is als
o rel
evant
to
Annexes 3, 7, 11, 13, and 16.
Sedi
ment
s ar
e th
e ma
jor
rese
rvoi
r of
poll
utan
ts i
n th
e Gr
eat
Lake
s sy
stem
. A
syst
emic
and
com
-
preh
ensi
ve u
nder
stan
ding
of th
e rol
e of
sedi
ment
s as
sink
s, so
urce
s an
d bu
ffer
s of
nutr
ient
s an
d to
xic
chem
ical
s is
a dif
ficul
t cha
llen
ge.
As u
nder
stan
ding
of th
e rol
e of
sedi
ment
incr
ease
s, it
will
bec
ome
easi
er to
deve
lop
sens
ible
and
inte
rnal
ly co
nsis
tent
poli
cies
and
prog
rams
for r
esto
ring
and
main
tain
ing
the integrity of the Great Lakes Basin Ecosystem.
REVIEW OF PROGRESS
Contaminated Sediment
The
ame
nde
d A
gre
eme
nt r
equi
res
the
Part
ies
to d
eliv
er s
peci
fic
inf
orm
ati
on o
n se
vera
l as
pect
s of
rese
arch
and
man
age
men
t pr
ogra
ms f
or c
onta
mina
ted
sedi
ment
s. T
he P
artie
s’ r
ecen
t pro
gres
s re
port
s
(1,2)
do n
ot id
enti
fy e
xist
ing m
eth
ods
whic
h ca
n be
used
for q
uant
ifyi
ng t
he t
rans
fer o
f co
ntam
inan
ts
and
nutr
ient
s fr
om s
edi
men
t, n
or d
o th
ey p
rov
ide
an e
valu
ati
on o
f ex
isti
ng t
echn
olog
ies
for
the
man
age
-
men
t of
cont
amin
ated
sedi
ment
s, a
stan
dard
appr
oach
and
agre
ed u
pon
proc
edur
es f
or th
e ma
nag
e-
men
t of
con
tam
ina
ted
sed
ime
nts
, no
r a
join
t de
sig
n fo
r de
mon
str
ati
on p
rog
ram
s an
d an
imp
lem
ent
ati
on
sch
edu
le f
or s
uch
wor
k.
Ther
efor
e, w
ith
mos
t of
the
pert
inen
t in
for
mat
ion
miss
ing,
it is
not
poss
ible
to
eva
lua
te t
he P
arti
es’
pro
gra
ms u
nde
r A
nne
x 14
. T
hes
e re
port
s do
, ho
wev
er,
indi
cate
that
aspe
cts
of t
he
required work are under development and discussion.
The
imp
ort
anc
e of
an a
deq
uat
e an
d c
omm
on
ass
ess
men
t pr
ogr
am t
o id
enti
fy t
he n
atu
re a
nd
exte
nt
of s
edi
men
t po
llut
ion
in t
he G
rea
t La
kes
can
not
be o
vers
tate
d.
Onl
y wh
en
the
inf
orm
ati
on i
s wi
del
y
avai
labl
e ca
n th
e ma
gni
tud
e of
the
pro
ble
m be
und
ers
too
d an
d a
pro
gra
m of
rem
edi
ati
on i
mpl
eme
nte
d.
The
Boar
d, t
hrou
gh i
ts Su
rvei
llan
ce W
ork
Gro
up (
14) a
nd i
ts Se
dime
nt S
ubco
mmit
tee
(15)
deve
lope
d
and
pub
lis
hed
com
pat
ibl
e as
ses
sme
nt s
trat
egie
s fo
r us
e in
Are
as o
f Co
nce
rn a
nd
othe
r ne
ars
hor
e ar
eas.
At present, it is difficult to ascertain to what degree these are being utilized.
The
dev
elo
pme
nt o
f ne
w, a
nd
the
test
ing
of e
xist
ing,
suit
able
tech
nolo
gies
for
add
res
sin
g co
nta
mi-
nat
ed s
edi
men
ts s
hou
ld b
e pr
omu
lga
ted
sim
ult
ane
ous
ly i
n an
tici
pati
on o
f th
eir
appl
icat
ion
to r
eme
dia
te
sediment problems in Areas of Concern.
51
 
  
The Board believes that an effective and complete management strategy should contain an ade-
quate assessmentof the degree and extent ofthe sediment problems. The strategy should include the
judicious application of remedial technologies (some of which are now in the earliest stages of develop-
ment) combined with a monitoring program to test their effectiveness and a monitoring program to
assure the environmental acceptability of the technology or solution being applied. The intent of the
strategy should be to virtually eliminate the input of persistent toxic substances to the Great Lakes
system.
Dredging
Under Annex 7 (Dredging), the Parties are required to ”... encourage research to investigate
advances in dredging technology and the pathways, fate and effects of nutrients and contaminants of
dredged materials.” The annex includes requirements for submission of data for a dredging register
and continued environmental research and technology development related to dredging. Furthermore,
it is incumbent upon the Parties to adopt compatible guidelines and criteria for dredging activities in the
boundary waters of the Great Lakes system.
The Water Quality Board, under the terms of the Agreement, supervises the preparation of a
register containing sediment contaminant data and dredging project information submitted by the
Parties. The register, prepared every ﬁve years, is widely used. The Board has experienced consider-
able difﬁculty in preparing its 1980—1984 Dredging Register as a result of the quality of information
submitted. The Board is working to rectify this problem through the use of computerized data transfer
and format standardization. These changes should result in the more timely release of subsequent
Dredging Registers.
The requirement for compatible dredging criteria has only been applied to the disposal of dredged
material. A more general interpretation of this requirement is necessary for the development of a
management program for contaminated sediments. It may be necessary in the near future to develop
common guidelines for the application of dredging and transportation techniques.
It is imperative that the Parties investigate and implement short, medium and long-term solutions
to the problems posed by contaminated sediments and the program requirements for navigational
dredging. Short-term management programs should examine and implement methods which reduce
the annual volume requirements of sediment disposed in confined disposal facilities (CDFs). This action
would extend the lifetime of existing CDFs. In addition, both construction and "capping" technologies
and approaches should be examined for their environmental and social acceptability.
Medium-term solutions include the development and implementation of programs to reduce the
volume of sedimentary material entering the lakes and contaminants originating from both point and
nonpoint sources which adhere to the sediment. In addition, technologies which not only reduce the
volume of contaminated dredged sediments but also treat them or render the material inert should be
further developed and implemented.
The long-term management of dredged material should incorporate all of the concerns previously
mentioned. In addition, recognizing that CDFs fulﬁll an immediate need, in considering a long-term
strategy, they should not be viewed as an ultimate solution.
WATER QUALITY BOARD ACTIVITIES
The Water Quality Board expanded the terms of reference for its Dredging Subcommittee in 1986
and created the Sediment Subcommittee to examine the larger problem of managing contaminated
sediments.
Assessment of Contaminated Sediment
In their report, Procedures for the Assessment of Contaminated Sediment Problems in the Great Lakes (15),
the Sediment Subcommittee provides a sequential approach to assess contaminated sediment which
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Participants with experience at Superfund sites, both in the Great Lakes and elsewhere, felt that the \
application of this program in other areas would be beneﬁcial but not without its drawbacks. ‘
The Superfund Amendments and Reauthorization Act (SARA), which amends the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), has been promulgated. Together,
they establish a fund to investigate and remediate problems at hazardous waste sites. The primary
objective of CERCLA/SARA is to effectively reduce or eliminate risks to human health and the environ-
ment from hazardous substances, and can have a major impact on contaminated sediment remediation
at designated Superfund sites. Under these acts, programs providing a detailed process for characteriz—
ing the extent and nature of contamination, evaluating remedial alternatives and performing remedia-
tion are specified. While achieving Superfund designation and sufficient priority ranking brings with it
funding to remediate the worst contamination in sediments, it may not be sufficient to completely
restore impaired uses and address lower level contamination. In addition, the heavy weighting given to
human health considerations for the evaluation and ranking of Superfund sites may preclude funds for
areas with other impacted ecosystem components. While SARA/CERCLA may form an important part
of the funding for remediation and management of contaminated sediments in the future, it will be
necessary to identify additional and alternative funding sources to adequately address all the issues.
Based on information provided at this symposium, it is apparent that neither Party has programs
in place for research, development, and demonstration of remedial technologies. These are presently at
the conceptual stage and it will take some time before these programs can be implemented, leading to
the large-scale application of remedial technology.
Recommendations ‘
The Water Quality Board recommends to the Commission that: i
34. The Parties comparatively test existing and new criteria and guidelines to be used to assess contami—
nated sediment problems, and to evaluate dredging activities. The assessment and evaluation tech-
niques adopted should be compatible.
35. The Parties implement a management program with short, medium and long—term elements for
contaminated sediment. This management program should include navigational dredging activities.
36. The Parties develop, test and implement suitable technologies, including dredging equipment, for the
remediation of contaminated sediment.
AIRBORNE TOXIC SUBSTANCES
BACKGROUND
The 1987 amendments to the Agreement added a distinct annex on airborne toxic substances which
called on the Parties, along with the jurisdictions, to conduct research, surveillance, and monitoring and
to implement pollution control measures to reduce emissions of toxic substances to the atmosphere and
their subsequent deposition in the basin. The Annex advocates the establishment of an Integrated
Atmospheric Deposition Network (IADN) for the identification of selected toxic substances, particularly
persistent toxic substances. In addition to quantifying the total and net atmospheric input of toxic
contaminants to the basin, the network should define the temporal and spatial trends in deposition and
provide data to assist in the development of RAPs and LMPs.
US. EPA has estimated that nationwide 2.4 billion pounds of over 300various compounds were
released to the atmosphere in 1987 (31). Included among the compounds are many carcinogens and
neurotoxins. Even though US. EPA believes that these toxic emissions have been reduced by as much
as 40% over the past decade, the dimensions of the task remain highly formidable. In addition, contin-
ued use and release of contaminants associated with the depletion of the ozone layer and the ongoing
transport to the Great Lakes region of residues of pesticides, such as DDT, whose use hasbeen virtually
eliminated in North America, indicate the global nature of this concern.
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While both Parties and jurisdictions have made progress in the monitoring, inventory and control
of selected air contaminants, the scope of these efforts must be expanded to embrace a larger list of
contaminants over the entire Great Lakes basin. The development of speciﬁc control strategies which
address the breadth of the Great Lakes basin for the deposition of toxic substances from the atmosphere
must await the deployment and use of IADN. The Parties assigned themselves a number of tasks to be
completed on or before October 1, 1988, including identification of toxic substances to be monitored and
components of the network to be developed, including the number of stations and their deployment,
equipment, quality control and quality assurance considerations, and construction and operations
schedule. Canada and the United States have established three binational working groups to address
these considerations.
The Board, through its Atmospheric Deposition Monitoring Task Force, investigated relevant
aspects of the issue. The findings, approach, and recommendations of the task force were made avail-
able to the Parties and jurisdictions. These have beenconsidered by both Parties in the development of
their portions of the network.
To date, of the three working groups established by the Parties, only the initial report of Working
Group 2 was available for review (12). They reported that the first Canadian Master Station was in-
stalled at Point Petre on Lake Ontario and became operational in October 1988. Little progress had been
made on developing criteria for siting further stations, as output from the Master Stations is required
first. The working group recommended that two meetings be held in 1989 to develop these criteria.
The Working Group 2 report (12) also noted that additional master stations (one in the United
States and one in Canada) will be installed under Phase II of the plan (October 1990), accompanied by
five United States and five Canadian satellite stations, distributed in pairs around each lake (other than
Michigan, which will have United States stations only). The fifth Canadian station will be located at a
shoreline or inland site.
The Board’s task force had recommended equipment for master and satellite stations. Working
Group 2 considered the task force’s advice and concluded that solar radiation should be measured at the
master sites, and further meteorological data should be collected at satellite stations. This is not a
specific recommendation from the working group at this time, nor is it a formal commitment by Canada
to deploy these devices.
ASSESSMENT
With the deployment of the Canadian Master Station at Point Petre joining the United States
Master Station already operational at Green Bay, Wisconsin, the first phase of the plan has begun. It
should also be noted that jurisdictional and Party activity in the monitoring of toxic contaminants,
including metallic and selected organic materials, at a number of established stations continues, as well
as the development of inventories for such contaminants; however, none of these stations (with the
exception of the master stations) nor the inventory effort were established to respond directly to require-
ments for Great Lakes basin deposition determinations.
Assurances are offered in the Canadian Party report (1) that the differences in equipment and
operation between the United States and Canadian sites "will not reduce the intercomparability of the
United States and Canadian sites”; however, there is not enough information presented to determine
with what confidence this statement is made. It appears that the principal organic precipitation moni-
tors at the two sites, although similar in design, are from different manufacturers; in addition, they are
operated according to a different sampling strategy and schedule. Questions are raised regarding the
all-weather capability of the Canadian samplers; apparently, the United States units do not give rise to
the same concern. There are also significant differences in the collection medium used in the monitoring
of dry deposition. The impact of these various factors on the comparability of the data produced must
be considered in some detail. _
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The inorganic precipitation samplers appear comparable, although the Canadian Party report (1)
does not comment explicitly. The Canadian instrumentation and sampling schedule is given in some
detail; similar United States information is not presented in the United States Party report (2), so distinct
differences in sampling technology and procedures cannot be considered.
 
Signiﬁcant questions of analytical protocol and data quality assurance are not explored in the
Canadian Party report (1).
A list of contaminants of interest, analytical methodologies, data management, and quality assur—
ance and control techniques are not discussed in any detail in any of the available material. Notwith-
standing the fact that these topics are largely under the purview of Working Groups 1 and 3, lack of
reference to them and the other disparities in the deployment of monitoring equipment at the United
States and Canadian master sites suggest that an adequate level of integration between these two
national efforts, which was seen as essential by the Board’s task force, may not have been achieved. As
the Working Group 2 report notes, "there is no obvious consensus at present on the approaches to be
taken to the Annex 15 activities and to the conceptual design of the IADN, both from a receptor and a
source perspective”(12). It is vital that this consensus be achieved as quickly as possible to ensure that
valuable resources are not squandered due to lack of clariﬁcation and coordination.
With the exception of a few isolated initiatives identified in the basin, programs related to sources
and inventories of specific contaminants emitted to the atmosphere, models for atmospheric transport
and deposition, and specific pollution control measures addressing contaminants of concern in the Great
Lakes are not presented in any detail; as a result, the Board can not assess overall progress in these
areas.
WATER QUALITY BOARD COMMENTARY
The Board notes that Canada is drafting regulations to reduce loadings of atmospheric contami-
nants by imposing limitations on emission sources, based on the toxicity of the substances emitted. In
the United States, the review of the Clean Air Act is ongoing; amendments to the act consider long-
range deposition effects on the Great Lakes. Although it is understood that substances other than
persistent toxic substances are under consideration, in order to evaluate progress, the Board requires
further detail on initiatives in both countries.
Before the dimensions of the concern can be determined and a control strategy formulated, the
Board has determined that a much more extensive deposition monitoring effort must be established in
the Great Lakes basin, and associated research as well as the development of appropriate emission
inventories must be concluded.
The Board questions whether the integrity of the ecosystem will be compromised through the use
in Canada of "a system of scoring toxicity [to] determine the degree of emission control to be applied
to produce the lowest level of release of toxic substances.” Rather, BAT should be applied and, for
persistent toxic substances, should be mandatory, along with an investigation of the technology that
results in the production of persistent toxic substances, with the objective of process change to eliminate
their formation.
In order to thoroughly evaluate progress, the Board requires further information regarding the
precise details of the monitoring, research, modeling and inventory activities specific to the Great Lakes
basin. The Parties should be encouraged to expedite the activities of the working groups, particularly
Groups 1 and 3, to allow for such an evaluation. Therefore, the Water Quality Board recommends to the
Commission that:
37. The Parties undertake the programs and measures necessary to quantify atmospheric deposition of toxic
substances to the Great lakes basin, assess emission sources and contaminant transport, and control
emission of toxic substances to the atmosphere in a manner appropriate to the requirements of the
Agreement.
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GROUNDWATER
Under Annex 16, the Parties agreed to existing programs to control contaminated groundwater
affecting the boundary waters of the Great Lakes system. Specifically, they were to identify existing and
potential sources of contaminated groundwater affecting the Great Lakes and map hydrogeological
conditions in the vicinity of those sources. When the problem had been identified, the Parties agreed to
control the sources of contamination to groundwater and the contaminated groundwater itself.
To aid in the coordination of programs, the Parties agreed to develop a standard approach and
procedures for sampling and analysis ofcontaminants in groundwater, in order to assess and character—
ize the degree and extent of contamination, and to estimate the loadings of contaminants from ground-
water to the lakes to support the development of RAPs and LMPs.
The Parties’ 1988 progress reports described various initiatives related to groundwater. However,
existing and potential sources of contaminated groundwater which were affecting the boundary waters
of the Great Lakes system were not delineated, nor was mapping of hydrogeological conditions and
progress in controlling contaminated groundwater. This information is essential to establish the magni—
tude of the problem and to track progress. To assist the Board in reviewing progress, a standard
procedure for tabulating information should be adopted by the Parties. Further, thereappears to be no
movement toward bilateral coordination of programs as required by the Agreement.
Another unmet requirement is the development of a standard approach and agreed procedures for
sampling and analysis of contaminants in groundwater. These procedures are necessary to permit a
consistent assessment and estimate of contaminant loadings.
While contaminated groundwater most directly affecting the lakes lies adjacent to the shores of the
lakes and their connecting channels, it is possible for groundwater lying more remotely in the watershed
to supply pollutants in significant quantities. Almost all of the streams ﬂowing into the lakes continue
to ﬂow between rainfall events. This "base ﬂow” comes from groundwater sources throughout the
watershed. If some of this groundwater is contaminated, it could become a significant source to the
lakes, even after dilution with the remainder of the base flow.
Research (39) has documented that a portion of tributary ﬂow during storms can come from
groundwater. Thus, contaminants in groundwater may play a larger role in tributaries and embayments
than previously thought.
The contamination of groundwater from agricultural fertilizers and pesticides poses the possibility
of very significant pollution of the lakes via groundwater because of the widespread use of these materi-
als. The continuing rise in nitrogen concentrations in the open waters of the lakes may be evidence of
this kind of pollution from groundwater. Other potentially significant sources of contamination to
groundwater are improperly designed or operated hazardous waste landfill sites and leaking storage
tanks. In several areas, notably the Niagara River area and the St. Clair River area near Sarnia, concerns
have been raised about groundwater contamination and its possible effect on surface water.
The Water Quality Board recommends to the Commission that:
38. The Parties undertake programs and measures to identify and control both contaminated groundwater
affecting the boundary waters of the Great lakes system and sources of contamination to groundwater,
and to report progress toward remediation and restoration.
The type of information required to track progress includes:
0 Existing and potential sources and sites of contaminated groundwater.
0 Status of mapping of hydrogeological conditions in the vicinity of these areas.
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0 Pollutants of concern and areal extent of contamination in these areas.
0 Progress in controlling contaminated groundwater and source/ site cleanup.
0
Progress in programs for controlling sources of contamination and preventing new areas of
contamination.
This information should be reported following an agreed-to standard procedure.
Geographic Information System (GIS) technology can greatly assist the Parties in mapping and
identifying contaminated groundwater sources. The same technology can be helpful to the Commission
in reviewing the progress of the Parties and jurisdictions under this annex.
DATA QUALITY, ACCESS, AND MANAGEMENT CONSIDERATIONS
INTERLABORATORY COMPARISONS
Laboratory competence in measuring phosphorus in efﬂuent affects both loading estimates and
assessment of compliance with the Agreement limitation of 1 mg /L. In 1984 and 1987, the Board’s Data
Quality Work Group conducted interlaboratory studies to assess competence. In each study over 40% of
the participating laboratories experienced some difﬁculty in accurately performing the analysis.
In 1989 the Work Group conducted a third study. Results indicate that performance by sewage
treatment plant laboratories is essentially the same. Seventy-one laboratories participated and 28 (or
39%) experienced some difficulty in accurately performing the analyses.
Taking into account discharge volumes from the plants served by the participating laboratories, the
estimate of municipal phosphorus loadings to Lake Ontario represents an improvement from two years
ago; for Lake Erie, the estimate is reasonable because the laboratories serving the largest plants per-
formed satisfactorily. However, three Erie plants (which are among the 40 largest dischargers in the
Great Lakes basin) are served by laboratories which experienced difficulty. Two of the laboratories also
had problems with the 1987 study.
For Lake Michigan, the associated participating laboratories that had problems accounted for over
half of the discharge; this is a deterioration from two years ago. The only participating Lake Superior
laboratory performed satisfactorily, while all four participating Lake Huron laboratories experienced
problems.
Since preparation of the 1987 Board Report, two studies have also been conducted for laboratories
performing analyses for ambient phosphorus levels. Previous studies demonstrated consistent prob-
lems with performance by these laboratories, and these problems continue. The summary comments on
performance in the evaluatory letter on the first study (which was completed late in 1987) stated:
"Overall performance by laboratories on this round robin cannot be said to have shown any improve-
ment over the performance on the similar round robin last year.” The summary comment on the second
study (completed late in 1988) was identical.
The Parties and the jurisdictions whose laboratories are experiencing difﬁculty still have not taken
the management steps necessary to bring laboratories analyzing ambient samples up to an acceptable
standard. Therefore, the Board recommends to the Commission that:
39.
The Parties and jurisdictions review and upgrade, as necessary, the performance of laboratories
supplying phosphorus data to ensure that the information reported is accurate and comparable.
DATA QUALITY COORDINATION
As part of the effort to improve data comparability through improved quality control and assur-
ance procedures, the Board conducted a review of surveillance field and laboratory quality assurance
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protocols used in the Great Lakes basin. This review revealed that considerable differences in quality
assurance practices exist among agencies, projects and laboratories. Specific differences include sensi—
tivity, accuracy and precision achieved for particular parameters; deﬁnition and expression of these data
quality measures; documentation of samples, field methods, laboratory methods and quality control;
and differences in data reporting procedures. The Board concluded that these variations in practice
contribute to the bias often detected in interlaboratory studies and create a climate in which comparabil—
ity of surveillance data from different sources is difficult to assess.
The Board concludes - again - that an adequate quality assurance program is not in place to deal
with Great Lakes ecosystem issues. To provide for such a program, the Water Quality Board recom-
mends to the Commission that:
40. The Parties and jurisdictions develop and implement a coordinated, binational quality assurance
program in support of the Great Lakes International Surveillance Plan.
One contributing element to an overall quality assurance program may be the appointment of a Quality
Assurance Coordinator who would be responsible for ensuring that every element of GLISP has an
appropriate assurance plan and protocol, and that these plans and protocols are compatible across the
different agencies, projects and laboratories.
To ensure coordinated quality assurance, project plans should include:
0 General Project Objectives. Objectives should be described in project plans with sufficient
detail on anticipated use of the project data that a rationale for specific data quality objectives
can be developed.
0 Data Quality Objectives. Performance measures used to quantify data quality should be
explicitly defined in project plans, along with acceptable limits for these data quality meas-
ures based on general objectives.
At the very least, the Board feels that a coordinated quality assurance plan should provide for:
0 Laboratory Documentation of Samples. All aspects of sample receipt, storage, preparation
and analysis should be documented in a manner that facilitates retrieval of this information
for each sample, and further inquiry regarding these laboratory operations if necessary.
0 Laboratory Quality Control. Control samples used to measure system performance and data
quality should be identified, their minimum frequency or use specified, and control limits
and data quality measures defined in project plans and laboratory manuals or standard
operating procedures.
0 Laboratory Quality Assurance Reports. The frequency of specific laboratory quality assur-
ance functions, including preparation of laboratory quality assurance reports, should be
identified in project plans.
0 Interlaboratory Studies. All laboratories participating in GLISP should participate regularly
in round robin studies. The studies should be conducted on a project-parallel basis and
tailored to the types of information being provided by the laboratories. Results of the studies
should be provided to all those charged with the responsibility for synthesis and interpreta-
tion of Great Lakes surveillance data.
0 Data Reporting. Data reports should include abrief description of the analytical methods
used, analytical sensitivity, accuracy and precision achieved, and explicit definitions of these
data quality measures.
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DATA ACCESS AND MANAGEMENT
As the Commission’s information needs grow, the use of various computerized data bases contin-
ues to increase. In order to undertake its evaluative role, the Commission and its Boards need access to
computerized data summaries on discharges of toxic substances from point sources, emissions of toxic
substances into the air, areas of groundwater contamination, areas impaired by nonpoint source pollu-
tion, nature and extent of contaminated sediments, wetlands status, and the status of programs dealing
with these issues. Without this information, the Commission and its Boards cannot track progress and
conduct evaluations under the amended Agreement.
In supporting the use of data, the approach of not duplicating the Parties’ data base management
capabilities has been adopted. The Parties are expected to maintain their data bases and provide the
Commission with access to them in the format needed by the Commission, in accordance with the
requirements of Article IX. In turn, the Commission obtains the equipment and software necessary to
access the Parties’ data and maintains summaries of reported data on its computer systems.
Because the jurisdictions are not direct parties to the Agreement, Commission requests for infor-
mation under the Agreement must be made to the Parties, which must then be passed on to the jurisdic-
tion involved. This arrangement requires rapid communication and quick response to requests for
updates and corrections. What is needed is a technical information coordinator(s) in each jurisdiction
familiar with all data and information sources. This has become a critical need given the proliferation of
different types of data necessary for the Commission to undertake its evaluative role. The Water
Quality Board recommends to the Commission that:
41.
The Parties, in cooperation with state and provincial governments, designate a working level
“Landings Coordinator” within each jurisdiction who will have knowledge ofall point source and
tributary data within his/her state or province.
GEOGRAPHIC INFORMATION SYSTEMS
Examples of data management systems with tremendous potential to meet a variety of the Com-
mission’s information needs are the Geographic Information Systems (GISs) currently being used by a
number of agencies and jurisdictions in both countries. With the wide variety of summary data needed
by the Commission to evaluate progress in addressing contaminated groundwater, contaminated
sediments, nonpoint source pollution, air toxics and point source discharges of toxic substances, the
situation has become quite complex. The Commission and its Boards require data in specific formats to
be transmitted electronically from the Parties and jurisdictions. GIS technology will be helpful to the
Commission in tracking progress and conducting evaluations. It will also be helpful to the Board in
understanding areal impacts of pollutants from agriculture, use impairments in Areas of Concern, and
Point Source Impact Zones.
Despite the fact that GIS and personnel required to use these systems represent major resource
expenditures, there seems to be no suitable alternative for tracking progress and managing these types
of data. Therefore, in the near future, the Board will examine its options concerning GIS. The Board
recognizes the urgency of making some type of commitment to GIS, so that the benefits of these systems,
as described above, can be realized.
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There is a need to be realistic in order to be effective in RAPs. For example, one viable option
for remediation of contaminated sediments is the “no action" alternative, particularly if
contaminated sediments are being covered by uncontaminated material, and dredging or
removal would have greater negative impact than allowing gradual natural recovery.
Although RAPs were initially intended to be water quality management plans, they have
often evolved into integrated resource management plans, primarily because the RAP process
calls upon such a wide array of programs and individuals.
The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach of the Agreement.
It is recognized that, in many cases, it took decades to reach the present level of toxic sub-
stances contamination in Areas of Concern; thus, restoration will not occur in a few years, but
will require sustained efforts over many years.
Sustaining remedial efforts over many years will require building a record of success to
maintain the momentum for remediation.
Considerable progress has been made by the Parties and jurisdictions in the development of RAPs.
The first report of Canada under the amended Agreement identifies a target date for submission of
Stage 1 and Stage 2 RAPs and provides a brief summary of the surveys and studies undertaken to define
the problems and their causes and to initiate public consultation for each Area of Concern (1). The first
report of the United States identifies projected dates for submission of RAPs and brieﬂy summarizes
what is being done to develop them (2).
While the information in the Parties’ reports is useful to determine what activities have been
undertaken to identify problems and causes, the material is not speciﬁc enough to ascertain whether or
not the problems are being identified in a comprehensive fashion (in particular, one that is consistent
with the 14 use impairments identified in Annex 2 and with the Agreement’s General and Speciﬁc
Objectives) or if the sources and causes of the problems have been adequately identified. Such a deter-
mination will be made through the review of Stage 1 submissions for each RAP. Table 15 presents a
summary (prepared by the jurisdictions) of the problem definition in each Area of Concern, and Table
16 presents a summary of the Board’s review comments on the first eight RAPs submitted to the Com-
mission. Because Stage 1 requirements were not completely met in six of these first eight RAPs, in the
Board’s opinion, the Commission should ask the Parties and jurisdictions to seek a written consensus on
problems and causes in Areas of Concern consistent with the Agreement.
SUCCESSES OF RAP PROGRAMS
The Board is generally pleased with the progress of the RAP program and wishes to highlight
some of the successes:
Enhanced communication through establishment of institutional structures (e.g. public
advisory committees, basin committees, or stakeholder groups have been established in 32 of
the 42 Areas of Concern).
Some consensus towards goals for Areas of Concern (e.g. each public advisory committee,
basin committee, and stakeholder group is attempting to reach consensus on site-specific
goals).
Greater public awareness and a sense of local ownership, with a developing "vision" for the
future.
Greater institutional cooperation (e.g. Canada-Ontario Memorandum of Agreement on the
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TABLE 15
SUMMARY OF BENEFICIAL USE IMPAIRMENTS IDENTIFIED BY THE JURISDICTIONS IN THEIR
AREAS OF CONCERN1
Symbols used:
Blank - Data confirm no use impairment. 1 - May be representative of a whole—lake problem.
0 - Beneficial use impaired.
0 - Under assessment. E - Use impairments currently being evaluated through
0 - No data available public participation program.
* - Use impairments identified by Ontario; L - Likely impaired.
New York is currently evaluating use impairments. NR - Not relevant.
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Peninsula Harbour . @ Q
Jackiish Bay 0 O Q 0 O
liaison Bay 0 o O o O 0
Thunder Bay 0 Q Q Q Q 0
St. Louis Bay/River 0 0 .
‘lorch Lake 0 O 0
Deer Lake-Carp Creek/River . .
Hanistique River 0! 0 Q
Menominee River Cir C O O O O O 0
Fox River/Green Bay 0 o Q Q Q Q Q 0 NR 0 O O O
Sheboygan O O O O O O O O O O
Hiiuaukee Harbor 0 O O O O O O O O O - O O
Haukegan Harbor 0 O 0
Grand Calumet River
Indiana Harbor Canal . . . . . . 0 .
Kalamazoo River 0
Huskegon Lake 0
white Lake 0
Saginaw River/Bay O O O O O O 0
Collinguood Harbour O O O O
Severn Sound 0 9 O O 0
Spanish River 0 Q 0 Q 9
Clinton River 0 O O
Rouge River I O O O O O 0
River Raisin 0 O O
Haumee River 0 O O O 0 NR 0 O 0
Black River 0 O O O O 0 NR 0 O O
Cuyahoga River 0 O O O 0 NR 0 O O
Ashtabula River . Q Q Q 0 0 NR 0 O O
Hheatley Harbour O O O O O 0
Buffalo River 0 L L Q L O 0 NR NR 0
Eighteen Mile Creek E E E E E E E E E E E E E E
Rochester Embayment E E E E E E E E E E E E E E
Oswego River E E E E E E E E E E E E E E
Bay of Ouinie O O O O O O O O O 0
Port Hope 0 0
Toronto Harbour / O O O O O O 0
Hamilton Harbour O O O O O O O O O O O O O
St. Harys River 0 O 0 0 O
St. Clair River 0 O O Q 0
Detroit River 0 O O C O O O O O O O
Niagara River ﬁ' 0 O O O O O
St. Lawrence River * . O O 1 Q . Q 0 Q
For more detailed information see l989 Appendix A (41).
NOTE: For Ontario Areas of Concern, stakeholders and publie advisory committees, in conjunction with the RAP
development teams, will make final determinations of use impairments.
 TABLE 16
WATER QUALITY BOARD COMMENTS ON THE ADEQUACY OF THE FIRST EIGHT RAPs
SUBMITTED TO THE COMMISSION
 
Fox River-Southern
Green Bay
(Wisconsin)
Muskegon Lake
(Michigan)
White Lake
(Michigan)
Rouge River
(Michigan)
River Raisin
(Michigan)
 
AREA OF CONCERN
(JURISDICTION) WATER QUALITY BOARD COMMENTS
Torch Lake Stage 1 requirements not met. The Board seeks establishment of cause and effect
(Michigan) relationships for fish tumours in Torch Lake and a more precise deﬁnition of RAP
goals. US. EPA plans a remedial investigation and feasibility study under
Superfund.
Deer Lake/ Stage 1 and 2 requirements met with respect to mercury problem. Restrictions on
Carp Creek/River fish consumption and the reproductive problems of bald eagles are primary use
(Michigan) impairments. Point sources were addressed, but nonpoint sources were not.
Actions have already been taken: the lake has been drained and contaminated fish
killed; mercury discharge by the mining company has ceased. The Board has
concluded that uses are still impaired (a fish consumption advisory due to mercury
in fish at the mouth of the Carp River remains in place).
Manistique River Stage1 requirements not met. Cause-and-effect relationships are clear; the Board
(Michigan) does not concur with the RAP recommendation for further study, but instead
recommends emphasis on PCB remediation. Michigan DNR is working to eliminate
major sources of PCBs. The Board urges remedial action.
Stage 1 requirements met. Stage 2 partially met (no actions have yet been recom-
mended to deal with contaminated sediment). RAP combined significant public
involvement and an ecosystem approach. Specific agency responsibility should
exist for each remedial action identified.
Stage 1 requirements not met. RAP lacks quantitative goals and adequate assess-
ment of contaminated sediments. Greater emphasis should be placed on resolving
problems associated with contaminated sediments and contaminated groundwater.
Stage 1 requirements not met. Needs a more complete identification of impaired
uses, a more precise definition of goals, and establishment of cause—and-effect rela-
tionships. Remedial actions, comparative costs, timetables and agency responsibil-
ities were not identified.
Stage 1 and 2 requirements met for C505, separate sanitary sewers and bacterial
problems. Stage 1 requirements not met with respect to toxic substances. The toxic
substances problem definition has not been adequately linked to human and ecosys-
tem health. The level of community involvement and public support is exemplary.
Stage 1 criteria not met. There is a need to quantify source loadings of PCBs and
metals. The problems and cause-and-effect relationships were not clearly defined
and no remedial actions proposed. Michigan DNR responded that the problem of
contamination in the area is complex and requires more study.
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Management of Fish Habitat; 48 communities as well as state and federal governments
reached agreement and funded $310 million of sewer improvements in Rouge River,
Michigan; Michigan and Ontario have agreed to cooperate on joint RAPs for the St. Marys, St.
Clair, and Detroit Rivers; New York and Ontario have agreed to cooperate on development
of RAPs for the Niagara and the St. Lawrence Rivers).
An evolution toward integrated resource management, leading to greater acceptance and
adoption of the ecosystem approach.
Greater emphasis on control of contaminants at source (e.g. steel companies at Hamilton
Harbour, Ontario; chemical companies along the St. Clair River, Ontario; paper companies
along the Fox River, Wisconsin).
More
emph
asis
on de
struc
tion
of or
ganic
cont
amin
ants
as op
pose
d to
"med
ia tr
ansfe
r” (e.
g.
high temperature incineration at 1200°C of PCBs extracted from Waukegan Harbor sedi-
ments; incineration of organic contaminants from certain New York dump sites adjacent to
the Niagara River).
Great
er co
nside
ratio
n and
impl
emen
tati
on of
alter
nativ
e and
best
avail
able
techn
ologi
es (e.
g.
at Jackfish Bay, Ontario; Saginaw watershed, Michigan; Ashtabula River, Ohio).
Cess
atio
n of
ove
rﬂo
w dr
edgi
ng (
a pra
ctic
e wh
ich
can
incr
ease
cont
amin
ant
leve
ls in
wate
r) i
n
certain areas (e.g. in the Saginaw River).
Grea
ter
emph
asis
on r
emed
iati
on o
f co
ntam
inat
ed s
edim
ents
(e.g.
Blac
k Riv
er, O
hio;
Hami
lton
Harb
our,
Onta
rio;
Buff
alo
Rive
r, N
ew
York
; De
troi
t Riv
er, M
ichi
gan;
Wau
keg
an
Harbor, Illinois).
Grea
ter
emph
asis
on i
mple
ment
atio
n an
d en
forc
emen
t of
pret
reat
ment
prog
rams
(e.g.
Rou
ge
River and Detroit River, Michigan).
Grea
ter
emph
asis
on i
mple
ment
atio
n of
nonp
oint
sour
ce c
ontr
ol p
rogr
ams
(e.g.
prio
rity
wat
ers
hed
proj
ects
in S
heb
oyg
an a
nd
Mil
wau
kee
, Wi
sco
nsi
n; i
mpl
eme
nta
tio
n of
Hum
ber
River watershed management plan, Toronto Harbour, Ontario).
Mor
e fi
nanc
ial
reso
urce
s be
ing
foc
use
d on
Are
as o
f Co
nce
rn (
e.g.
in 1
988
Can
ada
ann
oun
ced
its i
nten
t to
imp
lem
ent
a $1
25 m
illi
on,
five
—yea
r pr
ogr
am t
o cl
ean
up t
he G
rea
t La
kes;
in 1
988
the
Cou
nci
l of
Gre
at L
ake
s Go
ver
nor
s an
nou
nce
d th
e es
tab
lis
hme
nt o
f $1
00 m
illi
on G
rea
t
Lakes Protection Fund).
Gre
ate
r us
e of
exis
ting
fun
din
g me
cha
nis
ms (
e.g.
Mic
hig
an’
s Ac
t 30
7 to
rem
edi
ate
con
tam
i-
nat
ed s
edi
men
ts;
Ne
w Y
ork
’s E
nvi
ron
men
tal
Qua
lit
y Bo
nd A
ct t
o re
med
iat
e ha
zar
dou
s wa
ste
sites).
Dev
elo
pme
nt
of c
reat
ivef
und
ing
mec
han
ism
s (e
.g. F
rie
nds
of t
he R
oug
e, M
ich
iga
n; S
agi
naw
Bay
Alli
ance
, Mi
chi
gan
; "C
lean
tari
o” p
rovi
ncia
l lo
tter
y to
sup
por
t en
vir
onm
ent
al c
lea
nup
in
Ontario).
CHALLENGES OF RAP IMPLEMENTATION
It is
an
imp
ort
ant
mil
est
one
in t
he p
lan
nin
g p
roc
ess
to m
ove
fro
m t
he p
lan
nin
g to
imp
lem
ent
ati
on
pha
se.
Thi
s mi
les
ton
e ha
s n
ow
bee
n re
ach
ed f
or s
ever
al R
APs
. T
he
tran
siti
on c
an b
e di
ffic
ult,
as t
here
are
spe
cif
ic a
spe
cts
of R
APs
whi
ch
pre
sen
t o
bst
acl
es t
o be
ove
rco
me.
A w
hol
e r
ang
e of
exi
sti
ng a
nd
ne
w
tec
hni
que
s a
nd
app
roa
che
s m
ust
be
eva
lua
ted
and
the
n u
sed
in o
rde
r to
res
tor
e be
nef
ici
al u
ses
in A
rea
s
of C
onc
ern
. S
ome
com
mon
con
cer
ns r
elat
ing
to R
AP
imp
lem
ent
ati
on,
as w
ell
as s
ome
site
-spe
cifi
c
concerns, are listed below.
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0 The plans must specifically identify responsibilities for implementing remedial actions and
involve those who will ultimately carry them out.
0 Strong efforts must be made to develop political and business support for plan recommenda-
tions at the federal, state or provincial, and local levels. Many plan recommendations will
require significant new or increased appropriations, and political support will be required to
secure the necessary resources. It is worth considering the proposition that fines, penalties,
and licence fees be funnelled directly back to support remedial actions in Areas of Concern,
rather than be assimilated in general funds.
0 Plans should identify milestones that will be used to measure achievement. Such milestones
can be specific remedial actions; studies completed; reduced loadings to, or concentrations in
the receiving water; or biological recovery. They should be indicators of progress that can be
made visible to the public to support momentum.
0 Plan recommendations must be integrated into state and provincial environmental priorities.
This may be more difﬁcult in those jurisdictions whose interest in the Great Lakes basin is
small, compared to their total land area or population. The economic and environmental
benefits of Great Lakes cleanup activities must be demonstrated and extolled.
0 There will never be enough information on which to base “perfect” recommendations. The
need to move ahead with RAP implementation, versus the need to know more, must be
speciﬁcally addressed. We cannot afford to wait for all the answers before acting, or else
beneficial uses may never be restored. Further, public confidence will be seriously eroded.
0 In some Areas of Concern, there may be a very long time period between the start of plan
implementation and the restoration of all beneficial uses. In some instances, 20 or more years
may be necessary for achieving a healthy balanced ecosystem. This has important implica-
tions related to developing long-term funding sources and maintaining public interest,
conﬁdence, and momentum in the cleanup process.
0 Several key RAP recommendations will require the development of new or greatly expanded
environmental programs by the state, provincial, and federal governments (e.g. waste mini-
mization, source reduction programs, strategies for remediation of contaminated sediments,
nonpoint source control and combined sewer overﬂow programs). Much effort will be
needed to develop these programs and funding sources, which may delay implementation of
some key recommendations. Efforts must be focused on developing support for these state,
provincial and federal funding sources, while at the same time achieving “small successes” in
plan implementation which will maintain the momentum until the "big ticket” items can be
addressed.
WATER QUALITY BOARD ACTIVITIES
In the 1987 amendments to the Agreement, the Commission was given the responsibility to review
and comment on the adequacy of RAPs. The Board, as the principal advisor to the Commission coordi-
nates the review of RAPs. Members of Board subcommittees, the Great Lakes Science Advisory Board
(SAB), and the Great Lakes Fishery Commission (GLFC) participate in review of RAPs. Consensus was
reached on a complementary RAP review process. As of June 1989, eight RAPs had been reviewed and
advice provided to the Commission. A summary of these reviews is presented in Table 16; more de-
tailed summaries for Torch Lake, Manistique River, Fox River-Southern Green Bay, and the River Raisin
are available from the Commission’s Great Lakes Regional Ofﬁce in Windsor, Ontario.
As a result of a 1987 Board recommendation, the Board developed and adopted in principle a set
of listing/ delisting criteria for Great Lakes Areas of Concern. These criteria were developed for each of
the 14 use impairments outlined in Annex 2. The Board has sought independent review of these listing/
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 delisting criteria from the SAB, GLFC, and the public (e.g. the criteria were published in the Commis-
sion’s newsletter, Focus on International Ioint Commission Activities, in an effort to obtain public input).
For more specific information on progress and challenges of restoring Areas of Concern, consult
Appendix A to this 1989 Report, Progress in Developing and Implementing Remedial Action Plans for Areas of
Concern in the Great lakes Basin.
LAKEWIDE MANAGEMENT PLANS
Annex 2 commits the United States and Canada to the development and implementation of LMPs
as a means of reducing contaminant loadings to restore beneficial uses. LMPs are to serve as an impor—
tant step toward virtual elimination of persistent toxic substances and toward restoring and maintaining
the chemical, physical and biological integrity of the Great Lakes Basin Ecosystem.
The Commission, before it can make recommendations to the Canadian and United States govem-
ments on LMPs, requires a precise definition of LMPs from the Parties and how progress will be
tracked. In addition to a clear and precise definition of LMPs, the Parties should consider undertaking
the following:
0 Identify the scope and key elements of a LMP (e.g. chemical-specific objectives vs. ecosystem
objectives).
0 Identify the criteria for selection of critical pollutants to be addressed by LMPs.
0 Define the minimum quantity and quality of data necessary to calculate critical pollutant
loadings from sources.
0
Prov
ide t
he ra
tiona
le fo
r det
ermi
ning
accep
table
load
reduc
tions
and
end-p
oints
(e.g.
mass
balance approach).
0 Explain how LMPs relate to RAPs and to the GLFC’s lake management plans.
0
Demo
nstr
ate h
ow s
ource
reduc
tion
strat
egies
will
serve
as an
impo
rtan
t ste
p tow
ard v
irtua
l
elimination of presistent toxic substances in LMPs.
0 Explain how ecosystem objectives will be integrated into LMPs.
0
Expl
ain
how
the
publ
ic wi
ll b
e co
nsul
ted
in th
e de
velo
pmen
t an
d im
plem
enta
tion
of L
MPs
.
0
Esta
blis
h th
e rel
atio
nshi
p be
twee
n fu
ture
rese
arch
effor
ts a
nd m
ana
gem
ent
effor
ts on
a
lakewide scale.
The
Boar
d rec
ogniz
es th
at a n
umbe
r of
initi
ative
s hav
e bee
n und
erta
ken w
hich
build
under
stand
-
ing of what is needed in each LMP:
0
Phos
phor
us m
ana
gem
ent
plan
s de
tail
how
sour
ce r
educ
tion
s wil
l be
allo
cate
d to
achi
eve
phosphorus target loads for the lakes.
0
The
Lak
e Mi
chi
gan
Tox
ic P
ollu
tant
Con
tro
l/ R
edu
cti
on S
trat
egy
has
two
phas
es:
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four elements: 1) a scheme for classifying chemicals and associated responses; 2) a procedure
for assessing the sources, fate, and transport of chemicals; 3) a mechanism for establishment
(between participating agencies) of uniform criteria and standards for permissible concentra-
tions of contaminants in various media; and 4) an approach for development and implemen-
tation of ecosystem objectives as a measure of whole lake restoration of ecosystem integrity.
In addition, the Parties held a workshop in May 1989 to further define LMPs. Just as the Agreement has
been described as an evolving tool for water quality management, LMPs should be viewed as another
important step in the evolution of managing critical pollutant loadings to the Great Lakes. The Board
believes that the LMP concept has merit and is looking forward to the Parties’ further development of
this concept.
As in RAPs, the Commission’s role in LMPs will be to review and evaluate their adequacy and
track progress in implementation. Therefore, based on experiences with RAPs, LMPs could benefit from
emphasis on seeking consensus on problem definition, and identification of the key action steps or
"milestones" which will be used to measure progress.
POINT SOURCE IMPACT ZONES
The "Point Source Impact Zone” concept is not new. In fact, it is almost impossible to discharge
industrial or municipal waste into the Great Lakes without violating the Specific Objectives, at least
locally. This was recognized in the 1972 and 1978 Agreements, but was expressed, in each case, in
somewhat different language. “Mixing Zones" in the vicinity of outfalls were recognized in the 1972
Agreement. Under the 1978 Agreement, "Limited Use Zones” were to be identified for all point source
waste discharges.
Specifically, PSIZs are areas of water, contiguous to a point source, where there is violation of the
general or specific objectives of the Agreement. Annex 2 requires that PSIZs be identiﬁed, delineated
and reported to the Commission beginning September 30, 1989. N0 specific information on delineation
of PSIZs was presented in the Party reports (1,2). As with RAPs and LMPs, the Commission’s role will
be to review and evaluate PSIZs. In order to facilitate the development of PSIZ lists, the Parties should
agree, inter alia, on a consistent reporting format and the appropriate level of detail. Once this is done,
the Board can draft guidelines for the review of PSIZs. There could be circumstances where long-term
PSIZs may have produced locally contaminated sediments; these sediments, as well as the overlying
water, may merit consideration as part of a PSIZ.
SUMMARY AND CONCLUSIONS
The Board views RAPs, LMPs, and PSIZs as essential and complementary components of the
management framework necessary to achieve the objectives of the Agreement. Although they are in
various stages of development, they all represent valuable opportunities to instill public confidence and
support for Great Lakes restoration programs. The Board views this as essential to accomplishing,
ultimately, all of the goals of the Agreement.
Board activities completed over the past two years include:
0 Consensus on a complementary RAP review process between the Board, SAB, and the GLFC.
0 The review of eight RAPs.
0 Development and adoption in principle of a set of listing/delisting criteria for Areas of
Concern. Public input is now being sought.
The Board is generally pleased with the RAP process. The Board has observed a number of successes
and challenges. Successes include:
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0 Enhanced communication and institutional cooperation.
0 Greater public awareness.
0
More emphasis on control of contaminants at source.
0
Greater emphasis on remediation of contaminated sediments.
0
More financial and human resources being focused on Areas of Concern.
Some challenges of RAP implementation include:
0
Identifying responsibilities for remediation and increasing accountability.
0 Developing political and business support.
0
Moving forward with remediation, despite “imperfect” data bases.
0
Developing long-term funding mechanisms while sustaining public support.
Based on the reports of progress by the jurisdictions to develop and implement RAPs (see Appendix A)
and on its review of eight RAPs, the Board observes that:
0
It is taking longer than expected to develop RAPs due to the complexity of problems and
solutions and a commitment to public participation.
O Public expectations are high.
0 Available resources are limited.
0
The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach.
0
To sustain remedial efforts and maintain the momentum for remediation will require
building a record of success.
In contrast to RAPs, LMPs and PSIZs are in preliminary stages of development. The Commission,
l
before it can make recommendations to the Canadian and United States governments on LMPs, needs to
hear from them as to the precise definition of LMPs and how progress will be tracked. The Parties are
to identify, delineate, and report on PSIZs to the Commission beginning September 30, 1989.
In conclusion, the Board affirms that the success of these three management initiatives (RAPs,
LMPs, PSIZs) is dependent on the ability to demonstrate progress in order to sustain public confidence
and support.
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4 STATE OF THE LAKES
INTRODUCTION
This chapter highlights the status of water quality in the Great Lakes based on the most current
available data. Emphasis has been placed on elucidating trends and changes in water quality status.
Comment is also made on a number of issues which deserve particular consideration, highlighting
emerging and previously unrecognized issues. In keeping with this purpose, the data presented are
those for which relatively long periods of record and known quality assurance exist. In most cases,
these data come from programs which form the core elements of the Great Lakes International Surveil-
lance Plan (GLISP).
The Board intends to place more emphasis on “effects” in its future reports on "state of the lakes.”
It is anticipated that the ﬁrst such "effects-oriented” report will be provided to the Commission in about
three years. This chapter represents a transition to that type of reporting. In this regard, the chapter
differs from those in past Board Reports. Less emphasis has been placed on technical aspects of the data
and more on "what does it mean?” This has required some adjustments in presentation format. In
particular, the amount of supporting technical detail normally provided with the data has been consid-
erably reduced. Sufficient data are provided to justify the observations and conclusions stated. Addi-
tional information on the programs and activities on which these observations and conclusions are
based, can be found in the references provided in the text or, more particularly, in Appendix B to the
Board’s 1987 Report. That appendix (5) represents the most comprehensive summarization of the "state
of the lakes” in at least the past decade.
The chapter is organized as follows:
0 Eutrophication (specifically the nutrients phosphorus and nitrogen) and contaminant issues.
The discussion focuses on trends and exceedences of Agreement objectives in each of the
lakes.
0 Update on the emerging issues presented in the Board’s 1987 Report and new issues for
consideration.
0 Update on the status of development and implementation of GLISP.
0 Review of initiatives undertaken by the Board’s Surveillance Subcommittee.
0 Future directions.
0 Conclusions and recommendations.
EUTROPHICATION AND NUTRIENTS
OPEN LAKE CONCENTRATIONS AND TRENDS
Phosphorus
The eutrophication issue was the focus of the 1972 Agreement. The issue has been addressed
largely through the control of phosphorus. Initial efforts were directed at reducing phosphorus loadings
from municipal and industrial point sources, as well as reductions of phosphorus in laundry detergents.
In 1983, the Phosphorus Load Reduction Supplement to Annex 3 of the 1978 Agreement further
strengthened the commitment to controlling cultural eutrophication problems by curtailing inputs from
nonpoint sources such as agricultural drainage. The primary benchmarks for assessing progress were
the phosphorus "target" loads set for Lakes Erie and Ontario and Saginaw Bay, and a phosphorus
efﬂuent limit of 1 mg/L for major municipal waste treatment facilities (i.e. those discharging over 1
MGD). Agreement loads for Lakes Superior, Huron/Georgian Bay, and Michigan were anticipated to
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be achieved when major municipal plants discharging to these lakes achieved the 1 mg/ L phosphorus
efﬂuent limit. It should be noted that the “target” phosphorus loads for the Lower Lakes and the loads
for the Upper Lakes were based on, among other things, achieving acceptable inlake concentrations of
total phosphorus (Table 17).
The acceptable concentrations listed in Table 17 were originally defined in terms of lakewide
annual average phosphorus concentrations. It was subsequently recommended by the Aquatic Ecosys-
tem Objectives Committee that spring concentrations be used instead (42). These recommendations
have yet to be adopted.
Major reductions in phosphorus loadings to each of the lakes are a result of considerable progress
towards compliance with the 1 mg/L phosphorus efﬂuents limit (see additional discussion in Chapter
2). The phosphorus control program has been largely successful in maintaining the nondegradation
objective for Lakes Superior and Huron and in improving the status of Lakes Michigan, Erie, and
Ontario and Saginaw Bay. Phosphorus loading reductions are reﬂected in the trends in concentrations
of phosphorus in the lakes, particularly in Lake Ontario.
Figure 3 presents the most recent data on phosphorus concentrations and trends in each of the
lakes. Data presented are from the surface (1 m) of the water column during the early spring period at
stations removed from localized inputs. This is consistent with GLISP recommendations. It also facili-
tates comparison with the phosphorus concentrations noted in Table 17. The exception to this is Lake
Erie, which is based on annual average data collected from all stations (only epilimnetic data are used
from the central basin due to occurrences of hypolimnetic anoxia, which cause nutrient release from
sediments). Unlike the other lakes, Lake Erie nutrient concentrations may not be adequately described
by spring surface concentrations, due to the lake’s shallow depth, high nutrient loading,and rapid
response to tributary inputs. There is sufﬁcient scientiﬁc debate over which are the most appropriate
concentrations to measure for trend analysis in Lake Erie that perhaps the recommended acceptable
concentration for this lake needs to be reconsidered.
The following observations can be made on the basis of the data presented in these figures.
Spring concentrations of total phosphorus in Lakes Superior, Huron and Michigan remain below
or near the acceptable concentrations noted in Table 17. Concentrations in Lake Ontario have decreased
to the point where current spring concentrations are ﬂuctuating around the acceptable concentration;
this corroborates similar findings published in the Board’s detailed report on Lake Ontario (44). The
Lake Erie results are not directly comparable to concentrations in Table 17.
Spring concentrations of total phosphorus in Lake Michigan have shown no signiﬁcant change over
the recent period of observation (1983-1987). Similarly, average annual concentrations of total phospho-
rus in Lake Erie from 1983-1986 have shown no significant change.
Lake Erie nutrient data are not
presented for 1987, because the data collected are not comparable to previously reported values, due to
reductions in the numbers of sampling cruises. Trend evaluation for Lake Erie is impaired, justifying
the need for full implementation of GLISP (discussed later in this chapter).
As noted in Table 17, part of the rationale for controlling phosphorus inputs to Lake Erie was the
restoration of year-round aerobic conditions in the bottom waters (hypolimnion) of the lake. Table 18
presents oxygen depletion rates for the last three years for the central basin. There is some debate on the
most appropriate way to present oxygen depletion data, since gross depletion rates do not account for
annual variations in hypolimnion temperature and thickness and in vertical mixing. The values pre-
sented in Table 18 have not been corrected for these factors. It appears, however, that recent depletion
rates are lower than those reported in earlier years. This supports the observations on recent trends
noted in the Board’s detailed report on Lake Erie (45).
Phosphorus data for Lake superior indicated a small (0.14 ug/LOa) but significant (p <0.05)
increase over the period 1983-1987. The explanation for this increase is not clear, but it does not appear
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TABLE 17
ACCEPTABLE INLAKE CONCENTRATIONS OF TOTAL PHOSPHORUS EXPECTEDWHEN
PHOSPHORUS LOADS ACHIEVED
     
TOTAL
LAKE PHOSPHORUS BASIS
(ug /L)
Superior
5
Maintain oligotrophic state
Huron, Georgian Bay,
North Channel
5
Maintain oligotrophic state
Michigan
7
Restore oligotrophic state
Saginaw Bay
15
Prevent nuisance algal growth and eliminate
taste and odour problems
Western Erie
15
Prevent nuisance algal growth
Central Erie
10
Restore all-year aerobic conditions in bottom
waters
Eastern Erie 10 Prevent nuisance algal growth
Ontario 10 Prevent nuisance algal growth
Source: Reference (43).
TABLE 18
GROSS MONTHLY OXYGEN DEPLETION RATES IN THE CENTRAL BASIN OF LAKE ERIE
(mg/L per month)
TIME PERIOD 1986 1987 1988
June 4.56 - 3.15
Early July 4.54 3.44 2.30
July/August 2.29 2.52 3.33
August/September - - 1.76
Annual Average 3.79 2.98 2.63
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PHOSPHORUS CONCENTRATIONS AND TRENDS FOR THE GREAT LAKES.
The regression lines indicate a signiﬁcant trend in concentration. The slope of the
regression line indicates the rate of change. R2 indicates the goodness of fit.
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to be related to the signiﬁcant changes in water levels experienced over this same period. Lake Superior
remains oligotrophic, and this slight increase does not appear to be a major concern at present.
Similarly, spring concentrations of total phosphorus in Lake Ontario increased signiﬁcantly
(p <0.05) between 1986 and 1987, from 9.9 to 10.3 ug/L.
The reason for, and signiﬁcance of this increase
is unclear and may be due to natural ﬂuctuations. Nonetheless, Lake Ontario is the only lake which has
exhibited a statistically signiﬁcant (p <0.05) decreasing trend in spring total phosphorus concentrations
over the last ﬁve years. The average rate of decline over the period 1970 to 1987 was about 1.0 ug/L'a.
The above results are generally consistent with those previously reported by the Board.
Nitrate Plus Nitrite
Increases in nitrate-plus-nitrite (N03+N02) concentrations have been well documented throughout
the Great Lakes (46). The substantial increase in N03+NO2 concentrations in the open waters of the
lakes has the potential to impact phytoplankton community structure. In isolation, shifts in phyto-
plankton community composition may not appear to be an important consideration. However, resulting
changes in food web dynamics may have a signiﬁcant impact on the individual basin ecosystems, as has
been documented with the change in zooplankton community structure in Lake Michigan (47).
Due to the low population density and limited agricultural activity within the Lake Superior and
Huron (excluding Saginaw Bay) basins, atmospheric inputs are the most likely major sources of nitro-
gen; this is consistent with phosphorus and other contaminant-related loadings to these lakes. The
lower Great Lakes basin sustains greater urban and agricultural activity; therefore, sources of N03+NO2
are a complex mixture of atmospheric, agricultural, urban, and upstream sources.
The Board has noted its concern about increasing nitrogen (N03+N02) trends in the Great Lakes
in previous reports to the Commission (6,8). Figure 4 updates these trends. These data were collected
at the same stations and analyzed similar to those reported for phosphorus above. The data conﬁrm
the continuing increasing trends for N03+NO2 reported previously by the Board. The single excep-
tion is Lake Superior, where a small (1.6 ug/LOa) but signiﬁcant (p <0.05) decrease was noted over the
period 1983-1987. As for phosphorus, the reason for this decrease is presently unclear.
To date, no adverse impact of increasing N03+NO2 levels have been documented in the Great
Lakes. No concentrations in Great Lakes water exceed the 10 mg/L (N03+N02) maximum acceptable
concentration for drinking water supplies for the protection of human health (e.g. infantile methemo-
globinemia).
COMPARISON OF SURVEILLANCE DATA WITH TOTAL PHOSPHORUS MASS BALANCE
MODEL SIMULATION
As noted above, the target phosphorus loads for the Great Lakes speciﬁed in the 1978 Agreement
were based, in part, on the expected relationship between inlake concentrations of total phosphorus and
the annual loadings of total phosphorus to the lakes. Mass balance models were used to quantify this
relationship. Such models may also be used to evaluate the response of the lakes to loading reductions
and to check the consistency of loading estimates and lake surveillance data. Given this, it is of interest
to determine whether the observed changes in phosphorus concentrations are what would be expected
based on the reported reductions in loadings. This would provide some indication of whether the
original expectations based on the relationship between phosphorus concentrations and loads were
correct. To determine the consistency of loading and concentration data, phosphorus loads reported in
previous Board reports were used to drive a multi-segment mass balance model for total phosphorus in
the Great Lakes. Simulation results were then compared to surveillance data.
The model and model values (determined by calibration to data collected between 1974 and 1976)
were those described by Chapra and Sonzogni (48). The technique presented by Lesht (49) was used to
solve the model in full time-dependent form. In one simulation, loadings to each segment were varied
annually from 1974 to 1986 and held constant at 1986 levels to 1999, while all other parameter values
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 were held constant for the entire period. A second simulation was done in which the loadings from
1986 to 1999 were held at 1986 values, less the amount of total phosphorus that would be removed if all
the major point sources were in compliance with the 1 mg/L efﬂuent limit.
Results of the simulations were compared with surveillance data for several segments. The
segments chosen were selected because of their importance and the availability of surveillance data.
Typical results for Lake Ontario, Lake Michigan and the eastern basin of Lake Erie are presented in
Figure 5. Two sets of surveillance data are shown.
One consists of simple averages of all open lake (i.e.
excluding nearshore) data collected in each segment during the year. The second set, which dates to
1974 in some segments, consists of volume-weighted estimates of the annual average open lake total
phosphorus concentration (50). With few exceptions, the two agree fairly well. It should be noted that
the data used are annual averages for the open lake rather than spring concentrations, as used in the
trend analysis above. This explains (in part) the slightly different concentration values.
Although, for some segments, the data show annual variability that is not reﬂected by the simula-
tions, the overall correlation between the modeled and observed concentrations was reasonable (Figure
6), indicating the basic adequacy of the model and consistency between the loading and surveillance
data. The apparent decreasing trends in total phosphorus concentrations observed in Lake Ontario,
Lake Michigan, and the eastern basin of Lake Erie are also seen in the simulation results. The more or
less constant difference between the modeled and observed concentrations for Lake Ontario may be a
result of incorrectly specifying the model initial conditions, or in the particle settling velocity assumed
for this segment. Previous work with this model, for example, has shown that it can be very sensitive to
the value of apparent settling velocity (49). Other discrepancies between the modeled and observed
concentrations may result from variations in some of the parameters that have been assumed to be
constant over time.
The key finding from these data is that reducing the loading from point sources not now in compli-
ance with the 1 mg/L efﬂuent limit will apparently have little long-term effect on concentrations in the
major lake basins. Of the basins illustrated, the largest predicted change is 1.6 ug/L in Lake Ontario.
Changes predicted for some of the smaller, more responsive basins were 3.6 ug/L in Saginaw Bay,
2.5 pg/L in western Lake Erie, and 1.5 ug/L in southern Green Bay.
The above should not be taken as complacency with respect to point source control of phosphorus;
the Board emphasizes the continued need to meet the 1 mg/L phosphorus efﬂuent limit. If further
significant reductions are to be achieved, however, nonpoint source inputs of phosphorus to the Great
Lakes basin (including atmospheric inputs) must be addressed. This points to the critical importance of
the Phosphorus Load Reduction Plans being implemented by the Parties.
CONTAMINANTS
While numerous studies of a variety of contaminants have been published in the primary literature
by various researchers, a paucity of routine surveillance data has existed until recently on lakewide
water column concentrations of contaminants in the Great Lakes. In part, this has been because concen-
trations in the open waters were in most cases below the detection limits of routine analytical methodol-
ogy. As a result, much of the past monitoring efforts for contaminants have focused on other media
(e.g. sediment, ﬁsh, herring gulls) in which these substances readily accumulate to detectable levels.
OPEN LAKE CONCENTRATIONS OF CONTAMINANTS
In its 1987 Report, the Board presented data on the concentrations of organochlorine pesticides,
PCBs and a number of the chlorobenzenes for Lakes Huron, Erie and Ontario collected as part of routine
surveillance activities. Comparable data bases were not available for Lakes Superior and Michigan.
Table 19 summarizes the most currently available surveillance data on concentrations of organics in the
open waters of the Great Lakes. While data are now available for Lake Superior, comparable data for
Lake Michican still do not exist. The data are based on large-volume surface (1 m) samples collected in
spring 1986. Details can be found in Stevens and Neilson (51). The Board notes that some of the data
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OF LAKE ERIE SIMULATED BY USING MASS BALANCE MODEL (1974-1999) WITH
SURVEY DATA.
Data represented by circles (1980-1986) are averages of all samples collected in the lake at
open water stations (depth >90 m) during the year. Other data (squares) are estimates of
the annual average concentrations calculated by Rockwell et a1. (50). Error bars are based
on one standard error. Dotted line shows results of model simulation for 1986 loads re-
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 TABLE 19
ORGANIC CONTAMINANT DATA BY LAKE‘
LAKE SUPERIOR LAKE HURON GEORGIAN BAY LAKE ERIE LAKE ONTARIO
n' = 19
n‘ = 18 n‘ = 7
n“ = 21 n" = 33
D.L. = 0.007 ng/L D.L. = 0.007 ng/L D.L. = 0.007 ng/L D.L. = 0.011 ng/L D.L. = 0.011 ng/L
(957. j (95% (95% (95% (95%
CONFIDENCE I CONFIDENCE ‘ CONFIDENCE CONFIDENCE CONFIDENCE
INTERVAL) % D T1” INTERVAL) 95 D , 'E’ INTERVAL) 7. D 'E’ INTERVAL) % D '3’ INTERVAL)
N
a%
D
ORGANOCHLORINE PESTICIDES
a-BHC 100 7.840 3 (7.540, 8.155) 100 I 5.906 (5.371, 6.510) 100 I 5.130 p (4.598, 5.743) 100 3.823 (3.635, 4.023) 100 3.954 (3.717, 4.211)
(«ch (Lindane) 100 3 1.078 ‘ (1.049,1.108) 100 0.785 (0736,0838) 100 0.671 (0.615, 0.734) 100 1.020 (0940,1109) 100 1.250 (1.158, 1.351)
Cis-Chlordane 57 ‘ 0.027 p (0.012, 0.080) 94 0.039 (0.026, 0.063) 85 3 0.047 ‘ (0.024, 0.102) 80 0.056 (0.037, 0.090) 57 0.033 (0.020, 0.058)
trans-Chlordane 31 0.011 ; (0.002, 0.249) 11 0 1 T 52 1 0.038 (0.016, 0.110) 0
Heptachlor ‘
Epoxide 100 , 0.124 ; (0119,0129) 100 0.174 (0164,0185) 100 ; 0.170 ; (0147,0197) 100 1 0.162 (0153,0172) 100 0.107 (0100,0115)
Dieldrin 100 ‘ 0.287 g (0.275, 0.299) 100 0.361 (0.336, 0.388) 100 . 0.329 1 (0.296, 0.367) 100 g 0.367 (0.327, 0.414) 100 0.310 (0.287, 0.337)
Endrin
0 i
0
0 v ;
0 I I
39 . 0.060 (0013,1018)
p,p’-DDE o . ‘ 38 0.012 (0.005, 0.042) 71 ‘ 0.020 ‘ (0.010, 0.042) 52 I 0.032 : (0.015, 0.080) 93 p 0.050 (0042,0061)
CHLOROBENZENES
1,2-Dichloro -
I i
I
.
benzene 100 3 0.131 (0.115, 0.150) 100 0.135 (0.126, 0.147) 100 .‘ 0.110 (0.083, 0.124) 100 1 0.190 (0.146, 0.252) 100 0.703 (0.559, 0.895)
1,3-Dichloro- ‘
.
;
benzene 100 I 0.105 (0.099, 0.111) 100 ‘ 0.051 (0.046, 0.056) 100 i 0.118 V (0.116, 0.120) 100 0.215 (0.176, 0.266) 100 0.281 (0.248, 0.320)
1,4-Dichloro- ‘
3
.‘
j ,
benzene 100 , 0.332 (0.313, 0.353) 100 0.284 (0.273, 0.295) 100 I 0.377 (0.331, 0.430) 100 ‘ 0.994 (0.786, 1.276) 100 1.462 (1.325, 1.618)
1,3,5-Trichloro— 3
i
3
‘
benzene 0 ‘ 0 g 0 ,
1,2,4~Trichloro- I
I g
benzene
100 1 0.214
(0.195, 0.234)
100 I 0.177
‘ (0.169, 0.186)
100 .
1,2,3-Trichloro— :
benzene 100 ‘ 0.027 . (0.026, 0.029) 78 3 0.024 (0.017, 0.036) 100 0.035 (0.032, 0.039) 76 0.043 (0.029, 0.066) 96 0.103 (0.069, 0.163)
1,2,3,4-Tetra -
I
i
‘ ‘
chlorobenzene 100
0.025 ‘ (0.024, 0.027) 64
3 0.049 (0.017, 0.213) 1
00
Pentachloro— j l
‘
benzene 0 i 11 . . 43 0.009 (0.004, 0.025) 14
69 0.038 (0.024, 0.062)
Hexachloro-
, i
-
.
benzene 100 i 0.025 (0.023, 0.026) 94 0.029 (0.023, 0.039) 100 , 0.041 (0.039, 0.044) 76 0.054 (0.032, 0.099) 100 0.057 (0.053, 0.062)
8
0
 
28 3 0.012 (0.002, 1.180) 58 0.027 (0.018, 0.044)
0.283 . (0.254, 0.317) 100 ‘ 0.326 (0.281, 0.382) 100 0.414 (0.365, 0.472)
 
0.036 (0.034, 0.039) 60 0.035 (0.019, 0.072) 96 0.108 (0.069, 0.180)
 
Total PCBs2 100 0.325: (0.302, 0.351) 100 . 0.573 I (0.471, 0.704) 100 ‘ 0.676 (0.548, 0.843) 100 1.159 (0.988, 1.369) 100 1.201 (1075,1345)
‘ I 1
    
   
'% D = percent detected values. D.L. = detection 1111017315 the unbiased estimate of the lakewide mean, determined by the maximum likelihood estimation method and assuming a
log-normal distribution. The conﬁ
dence intervals are not symmetric
about the mean because of the ass
umed distribution.
’D.L. of 0.17 ng/ L for upper lakes
and 0.24 ng/L for lower lakes.
‘Where duplicates were available,
they were averaged unless one wa
s less than the detection limit, the
n a value of 0.0035 ng/L was used.
“Where duplicates were available
, they were averaged unless one w
as less than the detection limit, th
en a value of 0.0055 ng/ L was used
.
In addition, the following parameters were not found at the stated detection levels: Heptachlor, a—endosulfan, 8—endosulfan, aldrin, p,p’-DDT, o,p’.DDT, p,p‘—TDE, p,p’-methoxychlor and mirex.
 
 presented in its 1987 Report were subsequently found to be in error. The data in Table 19 should,
therefore, be considered the baseline for further reporting on open water concentrations.
Because of the importance of estimating lakewide means and the desirability to make statistical
comparisons between lakes, a method was used to handle data that were reported as "less than detect."
The method is called "maximum likelihood estimation” (52) and results in the means and confidence
intervals shown in Table 19. The following observations can be made on the basis of the data presented
in the table.
Concentrations of all chemicals were below the concentrations of current specific Agreement
objectives. However, maximum concentrations of PCBs in Lakes Huron, Erie and Ontario exceeded the
proposed 1.0 ng/L objective (53) (this value has never been adopted). PCB concentrations were signifi-
cantly (p <0.05) higher in Lakes Erie and Ontario than in the upper lakes.
Lake Ontario is the most heavily impacted of the lakes, with the highest mean concentrations for
all chlorobenzenes, PCBs, 'y-BHC (lindane), endrin and p,p’-DDE.
a-BHC concentrations were highest in Lake Superior, probably due to the atmospheric source of
this contaminant. Only a— and y—BHC (lindane) and heptachlor epoxide concentrations were signiﬁ-
cantly different between Lakes Superior and Huron; only heptachlor epoxide was higher in Lake Huron.
There were no significant spatial gradients associated with contaminant distributions in Lake
Superior. Spatial gradients in Lake Huron were evident in relation to inputs from Saginaw Bay, the
Serpent/Spanish Rivers (Ontario), and the Black River (Michigan).
Large gradients in contaminant distribution were evident in Lake Erie in relation to numerous
tributary inputs, particularly in the western basin. Speciﬁcally, the mean concentration of PCBs in the
open waters of the western basin (which is heavily inﬂuenced by the Detroit and Maumee Rivers) was
2.7 ng/L compared to a range of 0.3 — 1.0 ng/L in the central basin (Figure 7). Distribution of chloroben-
zene concentrations was associated with proximity to industrial sources. Elevated concentrations of di-
and trichlorobenzenes were observed offshore of most larger rivers and harbours, particularly the
Detroit and Grand Rivers. Penta- and hexachlorobenzene concentrations were also elevated down-
stream of the Detroit River.
The Niagara River was found to be the most important determinant of spatial contaminant pat-
terns in Lake Ontario, especially with respect to chlorobenzenes. Dramatic increases in the concentra-
tions of chlorobenzenes were observed between eastern Lake Erie and the Niagara River plume in Lake
Ontario, indicating significant sources along the Niagara River (Figure 8). Highest concentrations of
total PCBs (2.6 ng /L) were found off the Black River (New York).
NEARSHORE CONCENTRATIONS OF CONTAMINANTS
Nearshore concentrations of many specific organic compounds generally aresignificantly greater
than those found in the open waters of the lakes. This is due to the proximity to inputs, the association
of these substances with sediment, and the more active physical regime of the nearshore which tends to
resuspend and transport bottom materials. In particular, as suggested above, elevated levels often occur
at the mouths of tributaries, in the connecting channels, around industrial/urban areas and harbour
mouths. The specific compounds encountered can, usually, be directly related to the particular agricul-
tural and industrial uses in the drainage basins.
A number of activities in the Great Lakes basin provide useful information on site-speciﬁc
nearshore concentrations of contaminants. These activities include analysis of raw water at municipal
water filtration plants and the analysis of a variety of biological indicators (Cladophora, spottail shiners)
at tributary mouths and in the connecting channels.
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 FIGURE 7. SPATIAL DISTRIBUTION OF TOTAL PCB CONCENTRATIONS IN WATER IN LAKES
ERIE AND ONTARIO
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Drinking Water
An issue clearly uppermost in the minds of the public is the quality of Great Lakes drinking water.
Drinking water intakes are located in nearshore areas not directly inﬂuenced by point source or tribu-
tary discharges and, as a result, samples are indicative of general nearshore water quality. Results
provided to the Board from Ontario’s Drinking Water Surveillance Program indicated that contaminants
in raw water samples from Canadian drinking water intakes throughout the Great Lakes were generally
at or below detection limits and were within existing water quality criteria and guidelines.
Cladophora
Shoreline growths of Cladophora glomerata can serve as a biological indicator of nearshore contami-
nant and nutrient concentrations. Samples of this alga have been collected throughout the Canadian
side of the Great Lakes basin over the period 1980-87 and analyzed for mercury, lead, PCBs, and total
phosphorus. Highest concentrations for all four constituents were associated with industrial and
municipal areas, especially the United States side of the mid-Niagara River (near Love Canal and Gill
Creek) and in the St. Clair River (in the Samia to Corunna region). Maximum concentrations of all four
contaminants occurred in the mid-Niagara River. Reported concentrations in 1987 were 2.35 ug/g Hg;
163.3 ug/g Pb; 4.99 ug/g total PCBs; and 6.8 mg/g total phosphorus.
Spottail Shiners
Young-of—the-year spottail shiners (Notropis hudsonius) have beenwidely used to identify and track
site-specific chemical contaminant problems associated with tributaries, harbours, and other nearshore
areas. The spottail shiner is a nonmigratory (sedentary) fish. Changes in body burdens can be used to
track the effectiveness of implemented remedial actions. Data on 1987 concentrations and trends for
selected contaminants are presented in Figure 9. Representative trend data for PCB and DDT are
presented for several sites in Figures 10 and 11. The curves on the figures indicate significant trends.
The following observations can be made on the basis of the data.
PCBs
Concentrations of PCBs in 1987 exceeded the Agreement whole fish objective at a number of sites
in Lake Huron, western Lake Erie, western Lake Ontario, andthe Niagara and Detroit Rivers. Highest
concentrations were found in the Detroit River, western Lake Erie, and western Lake Ontario. Whereas
the Detroit River inﬂuences PCB availability in western Lake Erie by its hydrological dominance,
nearshore PCB distribution in Lake Ontario is governed largely by several localized sources.
PCB residues in the recent (1987) shiner collections were significantly (p <0.05) lower than in
earlier collections of the mid-19705; residue reductions have slowed since the early 1980s.
DDT and Metabolites
The Agreement objective for DDT and metabolites (1.0 ug/ g) was not exceeded at any sites
sampled. Total DDT residues were generally higher in spottail shiners from western Lake Ontario.
While the metabolite p,p-DDE was found to be the principal component of total DDT residues (consti—
tuting about 80-100% of the total), shiners with the higher DDT concentrations also had p,p—DDT
residues, suggesting more recent use of DDT.
Concentrations of DDT and metabolites have decreased significantly (p <0.05) since the 1970s.
However, the rate of decline of total DDT residues during the 19805 has levelled off compared to rates
observed in shiner collections from the 19703.
Mirex
Mirex was detected only at sites in Lake Ontario and the Niagara and St. Lawrence Rivers. Con-
centrations in 1987 exceeded the Agreement objective (less than detection) at a total of eight sites from
these areas. Unusually high mirex concentrations were found in 1987 at the Credit River and Wolfe
Island in Lake Ontario. Reasons for these high mirex residues are not known, and work is continuing to
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regression.
 determine whether active local sources exist. Trends are difﬁcult to assess since concentrations are
generally at or below the detection limit.
Octachlorostvrene (OCSLand Hexachlorobenzene (HCB)
Concentrations of OCS and HCB in 1987 at sites in the St. Clair River downstream of the Sarnia
industrial complex were high, compared to "typical" values from other Great Lakes sites. Although
data are only available for 1985-87, both HCB and OCS concentrations appear to be decreasing, with
1987 residue levels significantly (p <0.05) lower than those in 1985.
Other Contaminants
Toxaphene, heptachlor, and aldrin were generally not detected in any of the spottail shiner
samples from the Great Lakes.
Contaminant Concentrations and Trends in Open Lake Fish
The open-lake fish contaminant surveillance program continued to measure whole-ﬁsh residue
concentrations of routine organics and trace metals in top predator and forage fish species at offshore
sites in each of the Great Lakes. At the time of writing, only Canadian data (Lakes Superior, Huron,
Erie, and Ontario) were available. The data sets reported for the lower lakes cover the period 1977
through 1987. Data for the upper lakes have beenreported for the period 1979/80 to 1987. Sampling
and data analysis details are discussed in Whittle and Fitzsimons (54).
Tables 20 and 21 provide interlake comparisons of 1987 whole fish concentrations in lake trout (age
4+) and smelt for a variety ofcontaminants. Figure 12 presents interlake comparison trend data for PCB
and DDT in lake trout (Salvelinus nameycush) over the period 1977-1987. The following observations can
be noted from the data.
Concentrations of PCB, DDT, and dieldrin in 1987 lake trout and smelt (Osmerus mordax) samples
are significantly (p <0.05) greater in Lake Ontario than the other lakes sampled. Similarly, concentra-
tions of Hg in both species are consistently higher in Lake Superior samples. These spatial distributions
are consistent with those reported previously. Concentraticﬁls of PCB in 1987 lake trout samples from
all four lakes, and concentrations in 1987 smelt samples from Lake Ontario, exceeded the Agreement
objective of 0.1 ug/g.
1 Lake Ontario
; PCB concentrations in lake trout collected in 1987 were signiﬁcantly (p <0.05) higher than those
‘ reported in 1985 and 1986. N0 signiﬁcant changes in PCB concentrations in smelt were observed biker
the same period.
f Concentrations of mirex, DDT, dieldrin, and Hg in smelt and lake trout samples exhibited no
significant trend during 1985-87. However, mirex levels in lake trout over the same period exhibited!
significant (p <0.05) annual ﬂuctuations. All other contaminants continued to decline steadilyor have
shown no signiﬁcant change since 1977 for both Lake Ontario indicator ﬁsh species.
Lake Erie
Limited lake trout data from 1985 to 1987 indicate no signiﬁcant trends for DDT, dieldrin, or Hg.
PCB levels seem to be increasing, but limited sample size forlake trout precludes any analysis of signifi-
cance. After a period of steady decline from 1978/79, levels of PCB and Hg in Lake Erie walleye ///
(Stizostedion vitreum) demonstrated some increase in the period 1985 to 1987. Additional samplingWVill/ ’ /
be required to conﬁrm the signiﬁcance of these latter observations. Although PCB levels reported for
1987 smelt collections were higher than preceding years, there is still a general downward trend in con-
centrations over the past 10 years of monitoring. Changes in DDT and Hg levels were not signiﬁcant
from 1985 to 1987.
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TABLE 20
1987 GREAT LAKES LAKE TROUT (AGE 4+) WHOLE FISH CONTAMINANT LEVELS
mg/kg wet weight (1 standard error)
      
ONTARIO ERIE HURON SUPERIOR
L. TROUT/SPLAKE
N 64 5 18 17 21
Weight (g) 1,826.0 2,602.1 2,192.5 1,797.9 815.5
(58.7) (237.3) (231.5) (126.3) (65.7)
Lipid (%) 15.65 20.96 15.74 12.03 11.63
(0.34) (0.76) (1.18) (0.84) (0.70)
PCB 3.49 1.16 0.63 0.49 0.42
(0.25) (0.09) (0.06) (0.04) (0.03)
pp’-DDE 0.80 0.12 0.28 0.12 0.14
(0.04) (0.02) (0.03) (0.01) (0.01)
DDT 0.94 0.14 0.31 0.13 0.15
(0.05) (0.02) (0.03) (0.01) (0.01)
Dieldrin 0.13 0.04 0.03 0.02 0.02
(0.01) (0.00) (0.00) (0.00) (0.00)
Mercury 0.13 0.10 0.18 0.19 0.23
(0.01) (0.00) (0.01) (0.01) (0.04)
Source: Reference (60).
TABLE 21
1987 GREAT LAKES SMELT WHOLE FISH CONTAMINANT LEVELS
mg/kg wet weight (1 standard error)
 
ONTARIO ERIE HURON SUPERIOR
N1 44 16 17 12
Weight (g) 1 1.97 17.35 14.54 20.27
(0.67) (3.68) (1 .12) (2.82)
Lipid (%) 4.78 2.69 3.58 3.63
(0.18) (0.32) (0.13) (0.26)
PCB 0.68 0.11 <0.10 <0.10
(0.
05)
(0.
02)
-
_
pp’—DDE 0.22 0.05 0.03 0.03
(0.02) (0.02) (0.00) (0.01)
DUI‘ 0.24 0.05 0.03 0.03
(0.02) (0.02) (0.00) (0.01)
Dieldrin 0.02 <0.01 <0.01 <0.01
(0.
00)
-
-
-
Mercury 0.03 0.04 0.04 0.07
(0.00) (0.01) (0.00) (0.01)
     
‘Each sample consists of a composite of ﬁve ﬁsh.
Source: Reference (60).
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 Lakeﬁum
The Lake Huron lake trout population consists of both pure lake trout strains and a combination of
splake and backcross lake trout, with the backcross population predominant in latter years. The incon-
sistencies in age class composition of lake trout collections make significant temporal trend estimates
difﬁcult. A less rigorous examination of the data set indicates a consistent downward trend in levels
since 1984 for contaminants such as PCB, DDT, and dieldrin. There has been no significant trend
observed for Hg concentrations in lake trout samples. Concentrations of PCB, dieldrin, and Hg in
splake/lake trout backcross samples have not changed significantly since 1985, but levels have declined
significantly from those measured from 1980 through 1983. DDT concentrations declined significantly
in 1987 relative to levels previously reported. Concentrations of PCB in 1987 smelt samples declined
significantly from those reported in 1985. Both DDT and Hg levels have not changed significantly in
smelt samples analyzed over the same period.
hak_eSur&r_igr
Lake trout samples collected in 1987 had significantly higher concentrations of PCB compared to
data reported for 1986 samples, but the 1986 levels were the lowest since surveys were initiated in 1980.
Similarly, 1987 concentrations of DDT and Hg were greater than those measured in the previous four-
year period. Signiﬁcantly higher lipid concentrations measured in 1987 lake trout samples may be one
factor related to this increase in contaminant burden.
Contaminant Concentrations and Trends in Herring Gulls
In 1974, the Canadian Wildlife Service initiated consistent basinwide monitoring to assess spatial
and temporal trends of selected contaminants in eggs of herring gulls (Larus argentatus) from the Great
Lakes. The program has been maintained on an annual basis and is now in its 15th year. Eggs are
collected from colonies on each of the Great Lakes. Individual egg analyses from 1974 to 1985 provided
good data on variation within and among sites. However, starting in 1986, eggs from only one lake
were analyzed individually each year; the rest of the eggs were analyzed as colony pools. As a result,
important information on the variation associated with contaminant concentrations was severely
impacted, and the types of analyses of these data, which have been included in previous Board reports,
are not possible with the current program. The Board notes that this approach is inconsistent with the
requirements as outlined in GLISP.
Results for 1985-1988 for six compounds at 13 sites are presented in Table 22 (eggs from Big Sister
Island had only been analyzed for 2,3,7,8-TCDD at the time of writing). Data for 1980 are included as a
reference base for the current decade. It should be remembered that most contaminant levels in both
whole fish and gull eggs were elevated in 1981 and/ or 1982 (5). Using 1980 as the year of reference
removes any bias that would be introduced by using anomalously elevated data from the former years.
Data for 1985 are also included because this is the last year that all colonies had individual egg analyses.
These data can be used as a reference base to test the significance of recent, short-term changes.
. Representative trends for selected contaminants at the Snake Island (Lake Ontario), Double Island
(Lake Huron) and Fighting Island (Detroit River) coloniesare presented in Figures 13-15. The following
I ' observations can be made.
Temporal Pattern
On a qualitative basis, contaminant concentrations generally increased slightly in 1988 over those
of 1987. Of 71 colony-contaminant comparisons, absolute levels increased in 47 cases, decreased in 11,
and remained unchanged in 13. For the data in Table 22, the general pattern was one of an overall
decrease in levels between 1980 and 1985, continued decreases from 1986 to 1987, and a slight increase
from 1987 to 1988. However, 90% of the values from 1988 are still below those for 1980. For Lake
Huron colonies, which had individual egg analyses in 1988, no increases were observed for any of the
parameters when compared to 1985 data. The slight increases over 1987 levels (which cannot be tested
statistically) should be tracked carefully in future analyses. On an indivdual compound basis, the
following summaries can be made.
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FIGURE 15. CONTAMINANT CONCENTRATIONS IN HERRING GULL EGGS FROM FIGHTING
ISLAND, DETROIT RIVER
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 - DDE: Concentrations in eggs collected from colonies throughout the Great Lakes in 1988
increased over 1987 levels. However, compared to DDE levels in herring gull eggs at the
beginning of the decade, levels in 1988 were 48% lower (p <0.05) for two Lake Huron colonies
(Double and Chantry Islands).
0 Dieldrin: Concentrations for 1988 increased for 10 of 12 colonies over 1987 levels. However,
for the three Lake Huron colonies, no statistically signiﬁcant difference was observed be-
tween 1980 and 1988 values. Similarly, no short-term changes were observed between 1985
and 1988.
0 Mirex: Compared to 1987 concentrations, 1988 levels increased in four of 12 colonies, de-
creased in three, and remained unchanged in five. Since 1980, mirex levels have decreased in
11 of 12 colonies. N0 Lake Ontario colonies have had eggs analyzed on an individual basis
since 1986, so quantitative statements about recent changes cannot be made.
0 HCB: Concentrations increased from 1987 levels in all 12 colonies reporting in 1988. How-
ever, since the beginning of the decade, there has been a 50% decrease (p <0.05) in the three
Lake Huron colonies.
0 PCBs: Concentrations increased from 1987 levels in eight of 12 colonies in 1988. However,
since 1980, total PCBs have decreased in all 12 colonies, and levels. in 1988 were 54% (p <0.05)
lower than in 1980 for the three Lake Huron colonies.
0 2,3,7,8-TCDD: Unlike most compounds in 1988, levels of 2,3,7,8-TCDD decreased compared
to 1987 in seven of 11 colonies where data were available. Since 1980, 2,3,7,8-TCDD levels
appear to have decreased in the reporting colonies.
Spatial Patterns
Only qualitative comparisons can be made among colonies for the most recent (1988) data, except
for the Lake Huron colonies. However, the observations discussed below are not inconsistent with
more detailed information from previous years. Eggs from Gull Island in northern Lake Michigan had
the highest levels of DDE and dieldrin. Those from Snake Island in eastern Lake Ontario were highest
for mirex and had, along with Fighting Island in the Detroit River, the highest HCB levels. Fighting
Island also had the highest PCB levels. 2,3,7,8-TCDD levels were greatest in eggs from Channel/Shelter
Island in Saginaw Bay, Lake Huron. Eggs from Chantry Island in Lake Huron had the lowest levels of
DDE and total PCBs. The lowest levels of mirex and HCB were found in eggs from Granite Island in
Lake Superior, and/ or the Lake Erie sites at Port Colboume and Middle Island. Dieldrin was lowest at
Mugg’s Island in western Lake Ontario and 2,3,7,8-TCDD was lowest at Big Sister in northern Lake
Michigan.
EMERGING ISSUES
UPDATE ON EMERGING ISSUES PRESENTED IN 1987 BOARD REPORT
In its 1987 Report (6), the Board raised a number of issues which emerged on the basis of the most
recent surveillance and monitoring data, including: the widespread occurrence of tumours in fish; pulp
and paper mills as a source of 2,3,7,8-TCDD; and environmental conditions in Presque Isle Bay/Erie
Harbor (Erie, Pennsylvania) and Black River/ Dexter Marsh/Sackets Harbor (New York). This section
provides an update on each of these, followed by additional new issues which the Board wishes to bring
to the attention of the Commission.
 
Black River/Dexter Marsh/Sackets Harbor (New York)
Concentrations of PCBs (Aroclors 1016/1248 and 1254/ 1260) in young-of—the—year spottail and
emerald shiners (Notropis atherinoides) from the Black River Bay continue to exceed the Agreement
objective of 0.1 pg /g, although some decreases have been observed since 1984. New York DEC (61)
reported total PCB concentrations of 1.067 ug/ gin 1984, 0.550 ug/g in 1985, none-detected in 1986 (at
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detection levels of 0.050 ug/g for each of the Aroclors), and 0.313 ug/g in 1987. The greatest reductions
occurred in Aroclor 1016/ 1248, which comprised 71% of the total PCB concentrations in 1984 but only
41% in 1987. Aroclor 1016 / 1248 is not typical of PCBs found in other areas or through atmospheric
deposition, and suggests a local source. Although decreases in loadings of total PCBs are suggested by
the decreases in fish tissue analyses, these changes may be a result of decreases in the total lipid content
of the fish and/or a change in sampled species from spottail shiners in 1984-85 to emerald shiners in
1986-87 (although limited data collected by New York DEC suggest that comparisons of the two species
may be valid on a lipid basis). Lipid—based PCB concentrations actually increased from 1984 to 1985;
otherwise, the general decreasing trends as indicated by total concentration apply. A significant (p
<0.05) increase in total PCB concentrations was measured from 1986 to 1987 and may have resulted
from a release of high-voltage breaker oils that occurred in July 1987. Total chlordane (maximum of
7.0 ug/g) and hexachlorobenzene (6.0 ug/ g) were also identified in 1987.
Presque Isle Bay/Erie Harbor (Erie, Pennsylvania)
Presque Isle Bay and Peninsula is located along the southern shore of Lake Erie at Erie, Pennsylva-
nia about 125 km southwest of Buffalo, New York. The peninsula is a compound recurved sandspit that
arches lakeward in a generally northeasterly direction, from its narrow connection with the mainland
just west of the city of Erie.
In its 1987 Report, the Board reported on environmental concerns in Presque Isle Bay/Erie Harbor
(Erie, Pennsylvania). Subsequently, data provided through various studies (with varied objectives)
which were conducted in and around the area, were examined. These data do not in themselves consti-
tute a comprehensive investigation of environmental impairments consistent with the Agreement. They
do, however, reinforce the Board’s previous concerns of use impairment. It is, therefore, imperative that
a comprehensive problem investigation be performed in order to achieve a consensus problem defini—
tion for this area.
The Water Quality Board recormnends to the Commission that: .
42. The Commission request the United States, in consultation with Pennsylvania, to designate Presque
Isle/Erie Harbor as an Area of Concern. \ r
The Board commends Pennsylvania for its proposed study program, aimed at assessing the 14 beneﬁch 1
use impairments described in Annex 2 of the Agreement. The results of these studies, when complete, ‘
would very likely provide a comprehensive Stage 1 RAP.
Tumours in Fish
Fish tumour surveys have beenconducted in 19 of the 42 Areas of Concern (Lake Superior (3), ‘
Lake Michigan (2), Lake Huron (2), Lake Erie (4), Lake Ontario (4), and three of the five connecting ;
channels). No large-scale surveys have been completed for Lake St. Clair, the St. Clair River, or the St. 3
Lawrence River. Additional surveys at six Areas of Concern are planned for 1989 (Lakes Michigan (3),
Erie, and Ontario and Lake St. Clair/St. Clair River) and at least one Area of Concern in 1990. 3
Brown bullhead (Ictalurus nebulosus) data for the Black River, Ohio are reported in the literature
(55). White sucker (Catastomus commersoni) and brown bullhead data for Hamilton Harbour, Ontario are
also reported (63), as is the behaviour of skin neoplasms in white suckers from Oakville Creek, Lake
Ontario (64). A preliminary survey of the Niagara River has been reported (65), and further work is in
progress. Tumour frequency at the other Areas of Concern are being analyzed. The prevalence of liver
neoplasms in white suckers from Lake Ontario has been updated since the 1987 Board report. Bile duct
tumours were found in white suckers from Hamilton Harbour (1.2%), Sixteen Mile Creek (4.1%), Hum-
ber River (2.0%), and the Trent River (0.7%). Liver tumours were not found in control fish from South
Baymouth on Manitoulin Island, although 3.5% of the fish had severe bile duct hyperplasis. The occur-
rence of liver lesions at South Baymouth (a site removed from direct chemical sources) suggests a
nonchemical etiology.
98
  
 Hepat
ocell
ular
tumo
urs w
ere f
ound
in wh
ite s
ucker
s fro
m the
west
erne
nd of
Lake
Ontar
io (H
amil-
ton
Harb
or (
1.2%
), Si
xtee
n Mi
le C
reek
(3.3
%), H
umb
er R
iver
(2.1
%) a
nd t
he R
oug
e Ri
ver
(0.5%
)).
The
occurrence of hepatocellular lesions in these and other heavily urban/industrial environments is consis-
tent with increased contaminant exposure. Research into the relationship between tumours and chemi-
cal exposure is urgently needed.
Systematic tumour monitoring programs have evolved over the last 10 years. Early surveys
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Pulp and Paper Mills as a Source of 2,3,7,8-TCDD
This topic is updated in Chapter 2.
ADDITIONAL ISSUES
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restricted to upland confined sites. The Indiana Board of Health and the US. Geological Survey have
reported mean water column concentrations for cadmium, copper, mercury and zinc which exceed
Agreement objectives. In addition, U.S. EPA has reported mean concentrations of total PCBs in compos-
ites of whole fish of 8.3 ug/ g, and the Board of Health recently issued (for the first time) a consumption
advisory for carp (Cyprinus carpio) in Trail Creek based on elevated levels of PCBs and chlordane (the
Agreement objective for PCBs in whole fish is 0.1 ug/ g). The contaminated sediments and deteriorat-
ing water quality conditions likely result from a hazardous waste facility (Superfund site) located
adjacent to the creek and a confined disposal facility leaching directly to the creek.
Zebra Mussels in the Great Lakes
Recently the zebra mussel (Dreissena polymorpha) was reported in invertebrate collections in south-
eastern Lake St. Clair (59). This species is another in the grong list of introductions attributed to the
long-distance transport of ballast water in ocean-going ships. Although much of the basic biology of the
zebra mussel parallels that of the Asiatic clam (Corbicula ﬂuminea), it differs from the Asiatic clam (and
other introduced molluscs) in its ability to tolerate and proliferate in cold waters. Qualitative surveys by
Ontario MNR and MOE have revealed that the zebra mussel is abundant along the north shore of the
western basin of Lake Erie. It appears that zebra mussels will likely colonize Lake Ontario by the end of
1989. Dispersal into the upper Great Lakes above Lake St. Clair will be less rapid, but does seem
inevitable.
The zebra mussel undoubtedly constitutes a major negative impact to the lakes. It is extremely
proliﬁc (i.e. 30,000 eggs per female) and attaches to hard substrates exposed to currents. Thus, it fre—
quently colonizes industrial and domestic water intakes in massive numbers, thereby reducing water
flow through friction loss and eventual occlusion. It will encrust boat hulls, nets and navigation buoys,
and it also acts as an intermediate host to parasites, thereby affecting fish.
Efforts to prevent future introductions are in progress; these are discussed in Chapter 2.
Introduction of the Ruffe
Substantial numbers of the ruffe (Gymnocephalus cernuus), a small percid, have beencollected from
the St. Louis Bay and River near Duluth, Minnesota. First collected in 1986, a substantial breeding
population hasdeveloped; population estimates are currently 300,000 adults (58). The ruffe feed on the
eggs and larvae of other percids and Whitefish (Coregonus clupeaformis), often resulting in declines in
those species.
The ruffe originates from northern Europe and Asia, and appears to have been introduced via the
ballast tanks of oceanic vessels. Further discussion of this issue is presented in Chapter 2.
THE GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN (GLISP)
‘ STATUS OF IMPLEMENTATION
Annex 11 of the Agreement states that the Parties shall develop and implement a joint monitoring
and surveillance program. GLISP, first presented in the Board’s 1975 Report and subsequent modifica-
tions, was recommended as the model for developing the binational surveillance program. In accor-
dance with GLISP, surveillance and monitoring activities are to be undertaken for the following pur-
poses:
To measure compliance with jurisdictional control requirements.
To measure achievement of general and specific objectives of the Agreement.
To evaluate water quality trends.
To identify emerging problems.
To support Annex 2 programs (RAPs and LMPs).
Other requirements include measurement of total loadings of pollutants to and from the lakes, the
adequacy of load reductions and schedules for same in LMPs, and the contributions of various media to
100
 human exposure to contaminants. The final requirement of Annex 11 is the development of ecosystem
health indicators for the Great Lakes.
Implementation of GLISP is extremely important to provide the necessary data to assess the state
of the lakes and their connecting channels. A central objective in the design of GLISP is the capability to
detect and monitor long-term changes and trends in designated parameters. Fundamental to the
success of GLISP in fulfilling this central objective is its full implementation. Past failures to implement
GLISP, either in terms of quantity (e.g. number of stations) or in methods (e.g. analysis, data interpreta-
tion, and reporting) have severely impacted the Board’s ability, in some cases, to evaluate long-term
trends and measure progress toward achieving Agreement objectives.
The Water Quality Board, therefore, recommends to the Commission that:
44. The Parties place renewed emphasis on the implementation of the Great lakes International Surveil—
lance Plan and report to the Board in the fall of each year the extent to which the Plan was imple-
mented in the previous year and plans for implementation during the coming year.
The Report should be provided by the Parties in a standardized format.
STATUS OF DEVELOPMENT OF VOLUMES 11 AND III
The current version of GLISP was distributed to the agencies and jurisdictions by the Board in
spring 1986. GLISP is divided into three volumes: I provides an overview; II provides the detailed
contents of the individual lake and connecting channels plans; and III is intended to provide a collation
of methodologies used by the agencies for implementing components of GLISP. GLISP calls for an
annual schedule for most operational components, with others to be conducted every three to five years.
In response to earlier criticisms, the current GLISP goes beyond traditional water chemistry parameters
to encompass a more holistic, ecosystem approach. GLISP currently focuses on five issues: eutrophica-
tion,
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evaluated for their utility in meeting the requirements of GLISP. Table 23 will be compared with those
programs and ongoing implementation of GLISP to recommend a ﬁnal list of common (core) programs.
SURVEILLANCE INITIATIVES
In the Board’s 1987 Report, the Surveillance Work Group (now Surveillance Subcommittee) re-
ported on a number of initiatives which were in progress. Three of these involved the development of
(or sponsoring) of workshops: Atmospheric Monitoring Workshop/Atmospheric Deposition Monitor-
ing Task Force, Tributary Monitoring Workshop, and Trace Metals Workshop. A brief update on the
results of each is provided below.
ATMOSPHERIC INPUTS
In response to the Atmospheric Deposition Monitoring Task Force’s recommendation for deploy-
ment of sophisticated master sampling stations to verify equipment and procedural capabilities, the
Parties subsequently established and are operating two stations in the basin. The Canadian master
station is located at Pt. Petre on Lake Ontario. US. EPA is operating a station at Green Bay, Lake
Michigan; this is an integral part of the Green Bay/Fox River Mass Balance Study currently being
conducted by US. EPA. The ﬁnal location of the United States master station is yet to be decided.
Information from these stations will be invaluable to improving routine atmospheric network stations in
the Great Lakes basin.
TRIBUTARY MONITORING WORKSHOP
The Board noted in its 1987 Report that current tributary monitoring programs in the basin suffer
from several weaknesses, ranging from a general erosion of these programs to scientific and technical
problems associated with actual sampling. The Board also noted that a joint workshop would be held to
address the development of a consistent, basinwide tributary monitoring program. A workshop focus-
ing on the development of a monitoring strategy to collect the necessary data for accurately estimating
conventional and contaminant pollutant loads was held, and the proceedings are currently being
compiled. The proceedings were to be used for a second-phase workshop which would address the
basinwide network requirements of GLISP; however, the future of Phase II is in jeopardy because of
limits to Board funding.
METALS WORKSHOP
In its 1987 Report, the Board noted concerns expressed by several investigators that much of the
metals data for the open lakes were suspect, due either to analytical problems or sample contamination.
A working group was formed and developed a protocol for sampling, sample handling, and analysis of
low-level trace metals. In conjunction with this activity, the Surveillance Work Group cosponsored an
International Trace Metals Workshop in Hamilton, Ontario on August 15-18, 1988. Papers were invited
on any aspects of the sources, fate, effects and cycling of metals and metalloids in lake ecosystems. The
three main themes of the conference were: a) current understanding of the extent of trace metal con-
tamination of lakes and the methodological difficulties in trace metal measurements in freshwaters; b)
the effects of lake acidification on the cycling and bioavailability of trace metals in lakes; and c) similari-
ties and differences in the linkages of trace metals and nutrient cycles in marine and lake environments.
A selection of contributed papers was published in a special issue of Science of the Total Environment.
The success of the conference is reﬂected by the fact that the theme of the conference has been
expanded, and a Second International Conference on Trace Metals in the Aquatic Environments has
been scheduled for 1990 in Australia.
FUTURE DIRECTIONS
The Board has a continuing responsibility under the terms of the Agreement to report on the "state
of the lakes.” Such reports are based on information submitted to the Board by the Parties. Past reports
have generally been based on meeting the requirements stated in GLISP; these requirements were stated
above. This form of basic reporting should continue, since it forms a fundamental cornerstone for
assessing progress in meeting the objectives of the Agreement. In large measure, these assessments are
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context. One potential approach might be to describe, where possible, the links between contaminant
inputs, concentrations and effects such as tumours, reproductive problems, and deformities in fish,
birds, wildlife, and humans. In particular, the report should be written in terms which are more mean-
ingful to the public. Accordingly, the Board, in consultation with the Science Advisory Board and the
Great Lakes Fishery Commission, has undertaken to develop a comprehensive “effects-oriented” report
on the state of the lakes. The Board anticipates that the first such report will be provided to the Com-
mission in about three years.
SUMMARY AND RECOMMENDATIONS
AQUATIC ECOSYSTEM STATUS
The point source phosphorus control program implemented under the 1972 Agreement has been
largely successful. Major reductions in phosphorus loadings to each of the lakes have resulted from
considerable progress towards compliance with the 1 mg/L phosphorus efﬂuent limit; see Chapter 2 for
additional discussion. The phosphorus control program has been successful in maintaining the nonde-
gradation objective for Lakes Superior and Huron and for improving the status of Lakes Michigan, Erie
and Ontario and Saginaw Bay. These reductions are reﬂected in phosphorus concentration trends,
particularly in Lakes Erie and Ontario. However, the precipitous declines in phosphorus concentrations
noted for these lakes in the 1970s have levelled off, with some increases noted over the last five years,
particularly in Lake Ontario. Spring phosphorus concentrations in Lake Ontario are now ﬂuctuating
around the 10 ug/ L "acceptable" concentration used to detemiine the target phosphorus load for this
lake. It appears that oxygen depletion rates in the central basin of Lake Erie are also decreasing.
Comparison of modeled changes in phosphorus concentrations (based on reported decreases in
phosphorus loads) with surveillance data showed close agreement between expected (i.e. modeled) and
measured concentrations, supporting both the appropriateness and effectiveness of the original point
source phosphorus control strategy. A key observation from the model simulation, however, was that
reducing the loading from all remaining point sources not now in compliance withthe 1 mg/L efﬂuent
limit would have little further long-term effect on lake concentrations. The results suggest that, if
further significant gains are to be achieved to reduce inlake phosphorus concentrations, more emphasis
must be placed on the control of phosphorus from nonpoint sources. The model results also appear
consistent with the ﬂuctuating phosphorus trends observed recently\in the lower lakes. The Board
emphasizes the continued need to attain further compliance with the 1 mg/L phosphorus efﬂuent limit
and to emphasize the nonpoint aspects of phosphorus control. As further significant reductions are
sought, nonpoint source inputs of phosphorus to the Great Lakes basin (including atmospheric inputs)
must be given even higher priority. This points to the critical importance of the Parties’ Phosphorus
Load Reduction Plans.
Nitrate-plus-nitrite concentrations continue to increase in the Great Lakes. This increase, in
association with the reduced phosphorus concentrations noted above, has significantly altered the
nitrogen-to—phosphorus ratio in some lakes. Such shifts have the potential to impact phytoplankton
community structure which may, ultimately, change food web dynamics in lakes. To date, no adverse
impact of the effects of increasing N03+NO2 levels have been documented in the Great Lakes.
Current concentrations are well below the 10 mg/L maximum acceptable concentration in drinking
water for the protection of human health.
CONTAMINANTS
Between 1969 and 1972, legislation was enacted in both countries to restrict or ban the production
and use of dieldrin, heptachlor, DDT, PCBs and mercury. Production of mirex in the basin ceased in
1976. In response to these regulatory actions, concentrations of these chemicals in fish and fish-eating
birds have declined significantly. However, the precipitous declines observed in the 19703 have levelled
off, and subsequent data in the 19805 are more difficult to interpret with respect to consistent trends.
Nearshore data (based on a variety of biological indicator organisms) suggest that inputs of a number of
these chemicals to the Great Lakes are still occurring. Fish from each of the Great Lakes still exceed the
Agreement objective for PCBs (0.1 mg/kg). While available drinking water data show, with few excep-
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 tions, that all raw water supplies are within current drinking water guidelines, fish consumption adviso-
ries for PCB, mirex and mercury still continue for some species and size classes of fish.
AREAS NOT MEETING THE OBJECTIVES
Investigations have continued to describe the environmental conditions in the Black River (New
York) and at Presque Isle/ Erie, Pennsylvania, both identified as emerging issues in the Board’s 1987
Report. PCB concentrations in young-of-the—year spottail and emerald shiners from the Black River
have ﬂuctuated at levels exceeding the Agreement objective; continued monitoring is warranted.
After re-evaluation of the data from Erie Harbor, the Board re—emphasizes its concerns related to
the observed and potential use impairments of the area and the need for a comprehensive investigation
of the problem. The Water Quality Board recommends to the Commission that:
42. The Commission request the United States, in consultation with Pennsylvania, to designate Presque
Isle/Erie Harbor as an Area of Concern.
The Board commends Pennsylvania for its proposed study program, aimed at assessing the 14 beneﬁcial
use impairments described in Annex 2 of the Agreement. The results of these studies, when complete,
would very likely provide a comprehensive Stage 1 RAP.
The Board expresses concern about another area, Trail Creek (Indiana), because of recent data
indicating substantial heavy metal contamination of sediments and the water column, in addition to
recent fish consumption advisories due to high PCB and chlordane concentrations.
PROCESS FOR DESIGNATION OF AREAS OF CONCERN
The Board notes that there are other degraded locales in the basin that are not Areas of Concern.
Inequities have become apparent when evaluating their relative degradation. Often wide-ranging and
diverse data sets exist for distinct areas in the basin, making comparisons difﬁcult. Thus, evaluation of
additional areas for designation as an Area of Concern necessarily becomes subjective. The Water
Quality Board recommends to the Commission that:
43. An equitable process be developed to comprehensively and objectively evaluate areas for designation as
Areas of Concern.
EXOTIC SPECIES
Introduction of exotic species via ballast water has allowed two prolific organisms access to the
basin. Both the zebra mussel and the ruffe, first identified in 1987, are expected to spread rapidly, and
have already had effects on the Great Lakes. The zebra mussel, which attaches to water intakes, boat
hulls, and fishing nets, has been found in extremely high densities in western Lake Erie. The ruffe, a
small percid, could cause declines in Whitefish and perch populations in the St. Louis River (Duluth/
Superior Harbor).
GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN
The Great Lakes International Surveillance Plan (GLISP), first presented in the Board’s 1975
Report, was recommended as the model for developing a binational monitoring and surveillance
program. GLISP consists of three volumes: an overview; the individual lake and connecting Channel
monitoring plans; and detailed methodologies used for implementing components of the plans. Due to
constraints on the Board’s budget, no progress was made to complete Volume II (specifically, no plans
exist for Lake Superior, St. Marys River, St. Clair and Detroit River) or develop Volume III. When
resources become available, Volume H will be completed, and then the development of common pro—
grams (those programs considered critical for determining spatial and temporal trends) will be finalized
for all lakes and connecting channels.
Implementation of GLISP is extremely important to provide the necessary data to assess the state
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5 TOWARD THE FUTURE
INTRODUCTION
In an age of seemingly endless environmental problems and only modest resources to address
them, crisis-response has become the status quo in environmental management. Our path to the future
is too seldom charted by strategic planning; it is perhaps best described as a continuous series of adjust-
ments to emerging problems. As a consequence, we often view the future as something beyond our
inﬂuence, as a predetermined set of events to be accommodated, not controlled.
This philosophy, of course, is misguided and must be rejected. It is inconsistent with the intent of
the Agreement and the ecosystem managment objectives embodied therein. In its Fourth Biennial
Report (34), the Commission reiterated the importance of "shifting emphasis toward the future and
away from short-term considerations in order to anticipate and prevent problems rather than simply
react to them.” In their report, the Commission also asserted that "future socio-economic as well as
environmental imperatives must be addressed concurrently and in a systematic way.” The Agree-
ment provides the framework for this emphasis. Indeed, the Board prefers to attempt to inﬂuence the
future by preparing for it.
Anticipation and prevention are essential to sound environmental management. In the rapid pace
of today’ 3 world, local, regional and global changes loom in economies, public attitudes, technology,
political trends, social needs, health issues, climate, population, land use, and energy. Change in each
aspect of contemporary life combines with change in other aspects, and can induce even greater or more
rapid change in still other aspects. Unless the Great Lakes region is prepared for the future, environ-
mental problems and major cost impacts cannot be prevented.
The concept of sustainable development is fundamental to the philosophy of prevention, recogniz-
ing the interdependency and inextricable linkage between environment and economy. As the Fourth
Biennial Report explains, "individual pollution control measures often make good economic sense not
only for society as a whole but for individual polluters due to improved economic efficiency” (34). By
applying the concept of sustainable development, we can assume that environmental protection and
economic development occur in harmony rather than in conflict. Fostering sustainable development in
the Great Lakes basin demands that we assume “ownership” of our future. Anticipatory activities and
preventive measures play a decisive role in both environmental and economic planning. Governments
in several jurisdictions within and beyond the Great Lakes basin have begun to establish Environment-
Economy Round Tables comprising representatives ofbusiness, labour, academe, environmental
groups, and government to foster and promote environmentally and economically sustainable develop-
ment.
This chapter presents a series of current and emerging management issues that must be addressed
as the objectives of the Agreement are pursued. The concept of sustainable development provides a
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embrace the concept of sustainable development and the environment-economy linkage it recognizes. In
so doing, the future holds promise for attaining the objectives of the Agreement and making contribu-
tions that extend well beyond the conﬁnes of the Great Lakes basin.
GLOBAL CONSIDERATIONS
Contemporary environmental studies are rapidly discovering the levels of global sensitivity to
impacts of human activity. Some of the most important at this time are the predicted global climate
changes associated with the “greenhouse effect,” and the increase in ultraviolet radiation reaching the
surface of the earth as a result of the destruction of the ozone layer. Many of the models used to forecast
these events are relatively imprecise, and fairly coarse in their spatial and temporal precision. The
developers of these models would readily concede that the models afford only limited accuracy in their
forecasts. However, the range of potential impacts for some future scenarioscould have devastating,
pervasive effects on human society and the human condition. It is generally conceded that the worst
impacts will fall to the Third World countries with the least development and resources to contend with
the impacts on food production, human health and other aspects of social well-being. However, even in
the United States and Canada, there are potential effects on ocean levels, coastal areas, and overall food
production. Climatic changes themselves could affect the amount and distribution of precipitation, as
well as wind and other weather patterns.
Dramatic species shifts and simplification of the ecosystem could result, including an increase in
rates of desertification. Such environmental effects could induce increased demands for water supply
and wastewater management in the Great Lakes. The effects on economic and political institutions are
impossible to forecast at this time, as are effects on navigation and transportation. Even the question of
net effects on precipitation, whether the Great Lakes will be wetter or drier on a seasonal basis, is not
clearly established by such models. Adverse effects on current distributions and abundance of plants
and animals, however, are clearly foreseen. The unanimity of such predictions is alarming, as is the
unanimous agreement that the time-rates of such impacts cannot be predicted with any accuracy using
currently available analytical and predictive techniques. Planetary scientists have argued that the
compelling limitation on modeling of these phenomena is that the rates of change in these events will be
beyond the scale of human experience - perhaps beyond the planetary experience.
The significance of these predictions is in the magnitude of potential environmental changes. The
uncertainties expressed by the scientific community demand an intensive effort by all countries to
participate in system-oriented data collection and modeling precision improvements. This precision in
forecasting is necessary if we are to mitigate future resource conﬂicts based on demands for Great Lakes
water.
ADVANCING A TOXIC SUBSTANCES MANAGEMENT STRATEGY
Both the Board and the Commission have urged the further development of a comprehensive toxic
substances management strategy for the Great Lakes Basin Ecosystem. Such a strategy must be consis-
tent with the policy of the Parties to prohibit the discharge of toxic substances in toxic amounts, and to
virtually eliminate the discharge of any or all persistent toxic substances. The intent of such a strategy is
to protect human and aquatic ecosystem health by minimizing the exposure to and, hence, the risk from
contaminants. Such a strategy must be both reactive - focusing on contaminants already in the ecosys-
tem and on the control of contaminants in waste streams - as well as proactive - focusing on measures to
reduce or eliminate the generation of additional quantities of contaminants. Thus, the strategy must be
designed to reduce and eliminate loadings and to remove pollutants already in the system.
The existing regulatory framework of the Parties and Great Lakes jurisdictions has resulted in
substantial progress toward achieving the above-stated goals. Additional progress is being achieved
through development and implementation of additional measures, for example, through the strengthen-
ing of existing standards and the tightening of regulatory controls, resulting in stricter requirements for
compliance. In earlier chapters, the Board provided commentary about progress to resolve the toxic
substances issue.
108
There are, however,
inherent limits to the existing regulatory framework and the extent to which
the above goals can be achieved, especially for persistent toxic substances.
A
number of these limits are
enumerated below.
The Board also proposes actions to address these limits.
The Board considers these
actions to be supplemental to, and can be incorporated via the current regulatory frameworks.
ECOSYSTEM PROTECTION FROM MULTIPLE EXPOSURE
Many regulatory programs are medium speciﬁc, i.e. focus on preventing the entry of a contami-
nant into water, land, or air. While the impact on one medium may be mitigated by a control action, the
impact for another may be heightened, especially if regulations are less stringent for the latter. Rather
than creating media- specific regulatory actions, programs should be undertaken to protect a particular
receptor from multiple exposure routes. For example, an acceptable daily intake for a contaminant in a
food product must also take into account exposure from inhalation of air, ingestion of water, and
consumption of other food products.
In this way, the consequences of actions taken to prevent the entry
of a contaminant into one medium are acknowledged and accounted for in other media.
An additional benefit of this approach to ecosystem protection is that the regulatory framework
and institutional infrastructure would be simplified, as would communication, permit issuance, and
enforcement.
There would also be increased incentive to control persistent toxic chemicals at the source
of generation or point of use to protect the Great Lakes Basin Ecosystem.
ASSIMILATIVE CAPACITY AND NO-EFFECT LEVEL
Many historical environmental protection laws and programs were designed to address conven-
tional pollutants, i.e. those that would degrade or leave the system, so that the integrity of the system
would be retained. A no—effect level and a carrying capacity for the system were assumed, and efﬂuent
limits were set accordingly. A standard or efﬂuent limit presupposes that some acceptable amount of a
contaminant can be released.
Because of their long residence time in the ecosystem, their mobility and ability to bioaccumulate,
uncertainty about their environmental fates and sinks, and questions about whether a no-effect thresh-
old level exists, the concept of an allowable, ’safe’ discharge concentration or quantity is far more
difficult to apply for persistent toxic substances. Different approaches will ultimately be needed.
Technologies must be developed to prevent the release or to eliminate the use or creation of such
substances altogether. Where substances cannot be eliminated, environmental decisions will be made in
the presence of constantly improved levels of detection and quantitation. The “absence” or "zero level”
of a chemical will not occur as often, as analytical technology improves. The consideration of these
issues will be an essential feature of the many steps needed to achieve the long-term goal of eliminating
the discharge of persistent toxic substances.
CONTROL VERSUS REDUCTION AND ELIMINATION
The focus of most toxic substances programs is on the control of contaminants to prevent their
dispersal throughout the ecosystem. Such measures are essential to deal with extant contaminants. The
result is a waste that must be managed, e.g. a contaminated sludge that must be incinerated or
landfilled. However, such measures may not prevent the entry of the contaminant into the ecosystem
but may only lead to a change in the location, timing, and rate of that entry.
Such control programs will always be necessary. However, any strategy for managing persistent
toxic substances must seek to reduce and eliminate their generation in the ﬁrst place. The Board advo-
cates source reduction — identification and elimination of the source or process that generates or releases
persistent toxic substances into the waste stream, through chemical substitution or modification, or
replacement of the production process.
UNCERTAINTY IN SCIENCE AND MANAGEMENT DECISIONS
Proof that a relationship exists between a particular contaminant and a particular observed effect
in the Great Lakes ecosystem would provide a sound basis for instituting protective controls. How-
ever, unequivocal proofs of causeoeffect relationships are elusive. Indeed, it is doubtful whether such
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capability and capacity exist within the present realm of science to address, much less resolve the range
of issues that confront us today. Further, the scientific data and conjecture that do exist are often open
to interpretation or criticism. This could lead to inaction, which is unacceptable, especially if the
environmental risks are extremely high and the hazards are pervasive.
Scientific information is one side of the coin; experience and common sense are the other. Past
experiences have demonstrated the consequences of our lack of full action. We should be able to
project, based on our experience and our common sense, and act accordingly. Our decisions and
actions, of necessity, must be driven by informed professional judgement - a common-sense approach
relying on the available scientific facts, the foreseeable outcomes, and the impacts of those outcomes.
The Brundtland report recognized this problem, calling on government to act with prudence in view of
the weight and direction of the evidence. The challenge before us is to relate these common-sense
environmental decisions to the real-world economic decisions, by relating both to the notion of sustain-
able development.
CONSTRUCTIVE APPROACHES TO ENVIRONMENTAL PROTECTION
The historical philosophy for environmental protection has been reactive, that is, standards are set
and control actions taken only after harm has been proven. Proof of harm or, at least proof of environ-
mental effect, has been required before action is taken, rather than proof of safety before a discharge was
allowed. Two examples are the response to PCB and DDT contamination.
This philosophy is changing and is reﬂected in the wording of more recent legislation; however,
the rate of change must be accelerated and the regulatory framework must be made less litigious. The
litigation process is generally destructive, wasting time, money, and the goodwill of those involved.
Constructive dialogue to prevent problems is more effective and desirable.
ENVIRONMENTAL REGULATION AND
MANAGEMENT
JURISDICTIONAL DIVERSITY
Because contamination does not recognize political boundaries, contaminant levels in one jurisdic-
tion are inﬂuenced by regulatory actions taken by other jurisdictions. Therefore, the measures applied
in all jurisdictions must be comparable. Further, the regulatory process within a jurisdiction must
specifically acknowledge the rights of, and the impact of regulatory actions on, other jurisdictions in
dealing with such a mutually shared problem as persistent toxic substances. Of special note are the
efforts of the states and provinces (with the assistance of the Parties) to effect compatible programs
within all the jurisdictions, by implementation of the Memorandum of Understanding on Control of
Toxic Substances among the Great Lakes premiers and governors.
Additionally, efforts must be conceived and applied to involve those political entities which impact
the Great Lakes via airborne toxics deposition, yet are not parties to the Agreement.
' CONTROL STRATEGIES
In the United States and to some extent in Canada, regulations and standards are set at a relatively
high level of government and implemented at the local level. This style of environmental regulation
may not be the most appropriate for the complex water quality problems faced in the Great Lakes Basin
Ecosystem today.
A
recent study (35) found that the most successful cases (i.e. least pollution) occurred
where both local government officials and local plant management assumed a central role in the articu-
lation of the problem, selection of the appropriate response, and implementation of the solution.
It
concluded that the important decisions in environmental control systems ought to be as close as possible
to the location where the physical consequences of the decision will be felt.
Another important finding was that the spirit of mutual cooperation was critical to arriving at a
decision that was better than what either industry or government would/ could have done alone. Where
one party manifested mistrust it soon spread to others. And contrary to conventional wisdom in the
traditional approach to regulation of environmental pollution, the strictness of the legally established
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limit had little to do with actual success in controlling pollution. Limits perceived as very strict either
were not met or were delayed through litigation tactics. Limits perceived as reasonable were more
readily achieved. In some instances the reasonable limits were more stringent than the strict limits. The
results of this study reinforce the need to create and maintain partnership efforts for the Great Lakes, or
to have the regulatory programs based on consensus and partnerships rather than to rely on regulatory
programs alone.
The RAP process represents a significant shift toward environmental decisionmaking at the local
community level. Through the public consultation programs of each RAP, local industries, govern—
ments, and citizens are setting goals cooperatively for their Areas of Concern and providing input to the
selection of appropriate remedial actions to achieve these goals.
RAPs address identiﬁed existing problems. In establishing "prevention of new problems” as a new
element of environmental management, the future could show different ways of applying economics to
get environmental results. Water pricing policies, tax and investment policies, waste tariffs, waste
reduction rebates, or other economic mechanisms should be considered and tested - perhaps even
nurtured. These approaches may complement regulation, cooperation, and education by preventing
environmental problems.
DEVELOPMENT OF BEST MANAGEMENT PRACTICES
As efforts gain momentum for the management of nonpoint sources of pollution, it is reasonable to
expect advances in best management practices for storm water and snow melt control. Development
plans which include storm water management provisions will be important as a preventive activity in
management of water quality of the Great Lakes. Other nonpoint source controls and land management
practices will become important parts of the management effort. Sediment control practices may reduce
the introduction of toxicants into the Great Lakes and its tributaries. It might also become possible to
use advanced hydrologic and sedimentation methods in order to effectively capture the toxic substances
already in the aquatic system, through a network of sophisticated and easily maintained sediment traps.
Similarly, best management practices might become important in the management of air pollution
sources.
Better use of existing technology, by deﬁnition, will include the application of techniques from
other geographic or technological areas into the management of Areas of Concern in the Great Lakes. It
may be possible to transfer techniques from the mining industry, from hazardous waste management
programs, from the Superfund program, or from agriculture. Land and waste reclamation activities or
recovery techniques may all provide useful insights. The global experience in management of sediments
in maritime ports and harbours may provide some future insight into technologies and funding mecha-
nisms. Thus, a blending of fields of technology might open new solutions to multi-media environmental
problems.
INSTITUTIONAL ARRANGEMENTS
In a future of novel problems and innovative solutions, it is reasonable to expect that innovation in
institutional arrangements will be a part of the answer to Great Lakes management. Involvement of the
US. Army Corps of Engineers outside of navigational channels, the application of certain park manage-
ment principles to underwater resources, the use of new institutional arrangements for long-term care
and maintenance, the development of new funding mechanisms like the proposed Great Lakes Protec-
tion Fund - all of these and many other potential approaches as yet unimagined could be brought to
bear. This can happen only if attitudes and the institutional environment are open to embrace new ideas
along these lines, and if mechanisms (“change agents”) are available to search for such ideas, to test
them, and to apply them.
MARKETING AS A MANAGEMENT TOOL
With better interpretation and communication techniques to disseminate technical information
about the Great Lakes and its ecosystem, the stage will be set for greater use of “marketing” as a man-
agement tool. The marketing of concepts and values for the Great Lakes and the ecosystem manage-
111
—
+
—
 
   
ment principles may become an essential tool to the human-resource relationship. Only through the
availability of sophisticated information handling techniques will it be possible to advance Great Lakes
quality management concepts through marketing techniques. Some marketing methods may be applied
to public education, as well - perhaps through the development of public images and or personalities
contributing to the management of the lakes. For example, it might be possible to create a public image
of an aquatic life form to represent Great Lakes water quality. This could serve as a symbol of the Great
Lakes in much the same way as Smokey the Bear represents forest protection in the United States.
Environmental programs could then be promoted throughout the basin using this recognized symbol of
the Great Lakes.
RISK MANAGEMENT
Risk analysis and risk management techniques have become tools central to managing the lakes.
Under risk analysis and risk management techniques, the available information is used to quantify risks
within the known routes of exposure to selected organisms inhabiting the Great Lakes. These differ
from risk-benefit analyses which fall more under the rubric of cost-benefit analyses.
Risk analysis can provide useful insights into the trade-off decisions which are made (explicitly or
implicably) under various decision scenarios. From equity or economic efficiency, it might be argued
that consistent approaches to levels of risk should be sought among the jurisdictions for each lake and
among the various lakes.
But historically, such techniques of managing for uniform risk levels have not
been able to be applied to decisions about remediation in a way which will structurally integrate uncer-
tainty, economics, ecosystem health, public welfare economics, and the politics of social decisionmaking.
It may be expected that more research and development will occur in the development of risk
analysis and risk management techniques.
The same is true of the related ﬁeld of "risk communication,”
whereby affected and interested publics are given information in a way that will not bias their reaction,
thus clearing the way for more rational public policy decisions.
The application of water quality antide-
gradation rules, and greater use of mass loading limits for persistent toxic substances may be expected
to induce a greater discussion of these risk analysis and risk management techniques.
EXTENSION
OF
TECHNOLOGIES
‘
WATER TREATMENT
In the search for reduced costs and cleaner wastewater discharges, pollution techniques will be
substantially advanced in the future.
New
techniques for control of air toxics will be applied as will
new
wastewater toxic controls.
An
entirely new
technical field of controlling atmospheric release of
pollutants from
wastewater treatment facilities will become essential, if full multi-media environmental
management
is to succeed.
Similarly, new
sludge management, and urban and rural nonpoint source
pollution control techniques will emerge.
New
monitoring technologies will also be essential if the
necessary levels of detection are to be obtained with the limited fiscal resources available.
Historically,
» such techniques have emerged, but the rate of societyfs ability to cope with new
environmental prob-
lems will be directly related to the development time for new
monitoring capabilities at improved levels
of detection.
WASTE REDUCTION
A
wide variety of technologies will be needed
to reduce the amount
and
toxicity of waste gener-
ated, or to eliminate them altogether.
Reduction of waste at its source requires public and
private
actions and integrated, cooperative efforts by the two sectors.
It is reasonable to expect many alterna-
tive roles to emerge to deal with this issue.
The future will likely present a series of models with differ-
ent “mixes”
for this public/private partnership in waste reduction.
Similarly, alternative regulatory or
incentive methods will probably be tried in various jurisdictions in order to achieve waste reduction.
As waste reduction becomes a more frequent solution to problems, it is also likely that a greater
tendency will exist to consider the banning or limitations on use of specific substances found to be
problems for the ecosystem.
Traditional regulatory roles will be challenged by the need to seek addi-
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tional opportunities for process changes, and reuse and recycling in the industrial sector. Waste recov-
ery and material substitutions have not historically been the realm of environmental management
agencies. Neither have these agencies utilized public information, education and industrial outreach
activities as primary tools in the "command and control” mode of operation. To cope with such future
change, it will be essential to place greater emphasis on long-term economic and environmental benefits
of waste reduction, rather than the short-term benefit of waste control.
BIOTECHNOLOGY
As in the case of mechanical equipment, chemicals, and electrical components, it is also true that
biotechnology can be a force for positive or negative environmental impact. Such genetic engineering
technologies may hold great potential for solving contaminated sediment problems, but could also cause
new problems through the disruption of biological systems of the Great Lakes. Impacts on nontarget
organisms or food webs, or the introduction of alien species can affect natural habitats and ecosystem
stability. Potential advantages could be significant for improving industrial and municipal waste
treatment processes, without brick-and-mortar changes to treatment systems.
Biotechnology may offer the potential to control exotic species which have been introduced into the
lakes, through precise population controls or selective predation. Similar statements could be made
about the creation and use of artiﬁcial substrates and structures (e.g. islands or spawning reefs) under
the surface of the Great Lakes, or about the application of high temperature super-conductivity discov-
eries of recent years. Integrated pest management could result in the reduced use of toxic pesticides and
could serve as an alternative solution, in the event that it becomes necessary to ban selected pesticides.
It is essential that the Great Lakes community be prepared to manage new technologies within the
framework of the public interest objectives which are the responsibility of the Great Lakes institutions.
These matters will present controversial policy issues for groups interested in biological integrity;
pristine, pre—settlement conditions; or the ecosystem approach to management.
INFRASTRUCTURE REHABILITATION
In 1987 water uses (instream and withdrawals) totalled over 665 billion gallons per day (BGD);
over 18,000 gallons per basin resident per day (36). This included almost 5.5 BGD for public water
supply and 7.7 BGD for industrial supply. The efﬂuent treatment demands of these and other uses are
clearly substantial.
A massive physical infrastructure for water supply and wastewater treatment inﬂuences water use
patterns, residential and industrial development, and virtually all other quantity- and quality-dependent
resource uses. Thus, issues of infrastructure maintenance, rehabilitation and expansion are of vital
importance as we shape the future of the Great Lakes basin. The magnitude of the task is monumental,
and policy decisions made today will have long-term implications that must be carefully considered.
WATER SUPPLYAND WASTEWATER TREATMENT
A substantial portion of the basin’s industrial sector relies on the withdrawal (and consumptive
use) of water resources. For decades, management of the water supply infrastructure was characterized
by a preoccupation with expansion to accommodate increased demands. Rehabilitation, when under-
taken, was largely in response to infrastructure failures; preventive maintenance was historically af-
forded a low priority. As a consequence, an aging infrastructure with compromised efﬁciency now
demands rehabilitation, while continuing pressure on the resource places added demands for expansion
and enhanced maintenance. A critical factor in this scenario is the present era of ﬁscal austerity in which
even maintaining the current status of the infrastructure is a challenge.
Infrastructure rehabilitation needs for water supply defy precise quantiﬁcation, as comprehensive
inventories of distribution systems do not exist at the Great Lakes basin level or at the domestic United
States and Canadian levels. To place the matter in perspective, however, various estimates for replacing
or renovating major urban distribution systems in the United States are in the area of $58 billion per
year over a 20-year period (61). In Canada, one study estimated that $50 million per year for 50 years
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would be required to rehabilitate or replace all water mains in Ontario over 50 years old (62). While
Great Lakes basin-specific ﬁgures have not been determined, it is clear that financial constraints to
undertake such a comprehensive program are overwhelming.
The wastewater treatment infrastructure in the Great Lakes basin, while differing markedly
from
its water supply counterpart in many respects, is also at a critical juncture. Development of this infra-
structure accelerated in 1972 in response to the general and specific objectives of the Agreement and, in
the United States, the provisions of the federal Clean Water Act. As of 1989, over $10 billion in state,
provincial and federal funds (United States and Canadian) had been spent on, or committed to the
construction of municipal sewage treatment plants. The construction and upgrading program has
improved an extensive basinwide infrastructure that now includes over 400 major municipal discharges
(greater than 1 MGD) in the eight Great Lakes states and Ontario. While compliance with efﬂuent
guidelines established for conventional pollutants in the 1972 and 1978 Agreements has not yet been
fully attained, the program has been hailed as a continuing success story in the binational cleanup effort.
The basin’s continued upgrading and expansion of municipal wastewater treatment and sewerage
system infrastructure is vital to safeguard past improvements in water quality while meeting emerging
demands.
Escalating costs for new construction and renovation of existing facilities, coupled with
major shifts in traditional financing arrangements, pose significant challenges for the future. While a
basin-specific figure is not available, an indication of the magnitude of the challenge is found in a 1984
US. EPA
estimate of almost $200 billion to address the United States’ municipal sewage treatment needs
to the year 2000.
CHALLENGES
Two key challenges are of paramount importance.
First, aging facilities in need of enhanced
maintenance, rehabilitation or outright replacement are forcing a departure from a long-standing,
primary focus on new construction to meet growing demand.
Second, increasingly severe budgetary
constraints, coupled with a departure from traditional funding arrangements, are forcing a new look at
all areas of financing infrastructure construction, operation and maintenance.
New
approaches to reviewing and managing the basin’s infrastructure needs are required if the
general and specific objectives of the Agreement are to be realized.
0
Infrastructure development must be viewed
as a means to direct and limit growth rather than
merely respond to it.
0
The use of new
technologies and procedures for water supply and wastewater
treatment will
be required
to fully address stringent water quality standards and improve distribution
efficiency.
0
In light of limited resources, procedures for targeting funds
for infrastructure maintenance,
renovation
or new
construction must be
devised to maximize
water quality benefits.
0
The
ongoing
reduction and
planned phase-out of United
States federal funds for wastewater
plant construction demand
a fundamental review of historical financing options and
careful
consideration of the array of "creative financing” options.
Consideration should be given to
options such
as full cost recovery for services through user fees, revolving loan funds, crea-
tion of trust funds, creation of state bond
banks, privatization of services, and
others.
THE ROLE OF RESEARCH
It will be increasingly difficult in the future to achieve a match between research programs and the
important questions that must be answered.
Should the questions be forced to fit what science can do,
or should a new
approach to science be developed to address the real questions (which tend to be
complex and related to systems implications)? The rapid changes occurring in environmental condi-
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tions suggest that responsible management must be able to use research results more directly and more
promptly.
In fact, research may be needed on how
to carry out research that is relevant to the Great
Lakes Basin Ecosystem.
Considerable emphasis has been
placed on developing "mass balances” for toxic chemicals in the
Great Lakes Basin Ecosystem.
Clearly this cannot be done in the same manner
as that developed for
phosphorus (given the large
number of trace contaminants).
Again, can researchers develop alterna-
tive, workable approaches?
Can researchers develop workable ways to address the reality of mutual
and multiple causes?
A practical example relates to whether science can tell us much about the additive
and synergistic effects of chemicals on living organisms.
How
can researchers develop predictive models that are relevant to managers with particular
emphasis on RAPs?
How can demonstration projects to rehabilitate Areas of Concern be organized in a
research mode so as to learn? What are the underlying hypotheses that can be tested with regards to
rehabilitation of Areas of Concern?
Increased emphasis on the experimental manipulation of enclosed
ecosystems to develop management approaches may be a useful approach.
What role does research have to play when society has decreed that the onus should be on those
who would introduce change or new potentially dangerous products? What are the implications for
research (including statistical aspects) if one assumes that there is an effect unless shown otherwise (i.e.
the opposite of the traditional null hypothesis)?
Further, how can scientific expertise and judgement contribute when there is and always will be a
lack of precision in data (i.e. loadings of persistent chemicals) and considerable uncertainty as to the
behaviour and impact of chemicals? In an era of increasing complexity, do scientists have an obligation
to express opinions when their data lead them to believe that there could be serious risks associated
with their findings?
In the near future, Great Lakes research should aim to clarify some of the relationships between
eutrophication, contamination, and sedimentation processes. From an overall systems perspective, we
need to develop a better understanding of the role of sediments (as sinks, sources, and modulators) in
the eutrophication and contamination problems.
Research is needed to seriously address the human health /ecosystem relationships in a balanced
and credible manner. What lines of evidence are relevant (and if not, why not)? Does science have an
obligation to go beyond the data to try to interpret different lines of evidence? This area brings many
problems together: multiple and mutual causes, long latency periods, circumstantial evidence, etc. All
too often the current approaches result in science reinforcing existing decisions, but is the science valid
or even relevant to complex systems problems? Somehow it seems strange and very risky that we can
argue that toxic chemicals are relatively harmless to humans when we have increasing evidence of their
impact on other forms of life (e.g. mink, gulls, eagles, fish).
Research is needed to seriously address the social and psychological dimensions of individual and
societal decisionmaking. In particular, research should be conducted on the responses of humans and
their institutions to changing ecosystem conditions; why individuals, groups, and institutions do what
they do in behaviour, affecting the ecosystem. Crucial questions which need to be thoroughly explored
are the effects of beliefs and values on behaviour, the willingness of individuals to adopt more forward—
thinking attitudes in the choices they make, and industrial attitudes toward environmental risks.
Knowledge from the areas of risk perception and risk communication also would be relevant, as well
as research on changing value systems and on the kinds of information that will help to ensure that
more informed and responsible decisions are made. Finally, research is needed on the links between
water quality, ecosystem integrity, and water quantity (including ﬂuctuations in levels and ﬂows).
It seems that the only chemicals which have significantly declined in the Great Lakes Basin Ecosys-
tem are the ones which were banned or restricted (DDT, PCBs). If one is serious about the principle of
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zero discharge, is there any way that it can be achieved without prohibiting the production and use of
such persistent toxic chemicals? What does research have to add to this aspect of the Great Lakes water
quality program?
THE ROLE OF THE PUBLIC AND EDUCATION
Humans, at both the individual and societal level, can remember the past, perceive the present,
and imagine the future. This is how we learn, by guessing and correcting, by trial and reﬁnement.
Individuals learn throughout their lifetimes; societies learn and change continuously as long as they
exist.
Social attitudes change slowly, usually through a sort of evolutionary process, but they do change.
The future role of the public in restoring the integrity of the Great Lakes Basin Ecosystem may be similar
to the role of the public in restoring cleaner air in public places. People in the "environmental van-
guard” place a high value on a safe and clean environment and are strong advocates of social change.
People in the vanguard possess an awareness and concern about environmental problems, a belief that a
basic change in the nature of society is required to solve environmental problems rather than greater
technological developments, and a belief in the concept of limits to growth (37). The social component
of the Great Lakes Basin Ecosystem is in a period of transition. The attitudes associated with the envi-
ronmental vanguard are continuing to move into the mainstream.
Social learning can be accelerated by great challenges that create conﬂict within individuals and
systems. There is much evidence that we are facing such a challenge in the Great Lakes basin today, and
the gravity of the situation will bring about a readiness for change. Social learning and change can be
accelerated by social movements (i.e. the civil rights movement, the women’s movement, the environ-
mental movement). It can also be brought about by educational programs which provide rational
explanations. Formal and nonformal education are key motivators for creating change in our society. A
variety of initiatives occurring around the basin are encouraging greater use of Great Lakes topics in the
educational setting. These initiatives are discussed in the Science Advisory Board’s 1989 Report.
A good example of the public’s role in restoration of the Great Lakes Basin Ecosystem and their
readiness for change is the response to curbside recycling prograins in Ontario. Municipal officials
estimated that one in four households would participate in the recycling of glass, metal containers, and
newspapers, but recent media articles report that two out of three households are participating in the
voluntary program. Recycling companies, in fact, are having difﬁculty handling the volume of material,
but this is in a sense a happy problem. One factor in the popularity of this program may be the
conspicuous blue boxes that are used for the recyclable materials. Rather than “conspicuous consump-
tion” in many neighbourhoods, we seem to be experiencing “conspicuous recycling.”
Other recent initiatives along these lines are household hazardous waste days and government-
V subsidized backyard composting bins for organic waste. Other possibilities are composting toilets
which recycle human waste.
The public can also inﬂuence industrial behaviour to extraordinary levels by choosing not to buy
certain products. A recent example of this mechanism for change is the use of the chemical Alar on
apples. After health risks of Alar were publicized through the mass media, sales of apples dropped;
apple growers lost millions of dollars, and they voluntarily decided to stop using Alar on their apples.
All of this change was created with only limited knowledge of the true risk to the environment or
humans.
The public is reasserting its interest and support in sound environmental management. Involving
local communities and citizens in the development of RAPs is one step in the right direction. Such
involvement accepts that citizens are part of the evolving institutional structures. It is expected that, in
the future, more energies will be focused on discovering new ways to interact and share with the public.
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 "Earth Day - 1990” is approaching and should be cause for celebration of the environment. How-
ever, renewed resolve is needed more than ever to develop appropriate solutions to our local, regional,
and global environmental problems. Solutions are vital to the survival of life as we know it. Change in
human behaviour is needed to seek the harmony presently lacking between human activities and other
components of the ecosystem. Responsibility for change must rest with individuals, professionals,
corporations, and governments. Support for the environment must continue in spite of potential
impacts, such as on disposable income and personal lifestyles. This support may reﬂect, in part, in-
creased appreciation of the truly important challenges and opportunities (technologies, skills, jobs,
recreation) that are created.
CONCLUSIONS
The Great Lakes community has a great opportunity, perhaps unprecedented, to demonstrate a
regional-scale response to serious environmental problems. A cooperative binational cleanup and
protection response to these crises can be an important model for the rest of the world. Application of
political and technical methods in these circumstances is itself a challenge, but could provide the neces-
sary framework to modify the required institutional structures in an orderly manner, thereby allowing
effective response to changing environmental challenges. On a global scale the regional effects of these
trends will vary widely, and the existing political, institutional, and economic structures differ substan-
tially, as does the number of nations typically involved in such a shared regional problem as manage-
ment of the Great Lakes. Ideological differences may also hinder application of these techniques in
other countries. These problems, however, are believed by many to be inevitable challenges which must
be confronted. They present for the Great Lakes community an opportunity to demonstrate the value of
intelligent resource management by an educated, experienced, informed, and coordinated Great Lakes
environmental community.
If current trends in the identification and management of toxic substances in the Great Lakes
continue, there is cause to hope that the Great Lakes can provide an example of management of a
complex ecosystem, working through a fragmented political system of local jurisdictions. Enhanced
coordination of water pollution, air management, groundwater protection, and spill prevention and
control programs in the many jurisdictions across the basin would offer hope that major regional
environmental challenges can be addressed. This will be particularly true if the Great Lakes community
is able to apply sufficient innovative technical resources to protect the ecosystem and to successfully
advance the goal of zero discharge and virtual elimination of persistent toxic substances. More than
ever, it will require strong leadership in all segments of society to develop well balanced solutions and
to raise the level of awareness for better resource management within an ecosystem context. It will also
require a high level of trust, methods of dispute resolution, and local and regional commitment to
institutional change, if the Great Lakes community is to succeed. The recent Canada-United States
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GLOSSARY
MEASUREMENT UNITS
This report uses the Systéme international d’unités, also called the metric system. The following
symbols and conversion factors are presented for the convenience of the reader.
UNITS CONVERSIONS
rn
metre
1 m = 3.28] feet
L
litre
1 L = 0.2642 gallons (U.S.)
g
gram
1,000 g = 1 kg = 2.205 pounds
t
tonne
1 t = 2,205 pounds
d day
a year
ha hectare 1 ha = 2.471 acres
COMBINATIONS
kg kilogram, 103 grams
mg milligram, 103 grams
pg microgram, 10‘ grams
ng nanogram, 10‘9 grams
cm centimetre, 10'2 metres
mL millilitre, 103 litres
m3/s cubic metres per second
1 m3/s = 35.31 cubic feet per second (cfs)
m3/d cubic metres per day
3,785 m3/d = 1 million US. gallons per day (MGD)
4,545 m3/d = 1 million Imperial gallons per day (MIGD)
kg/d kilograms per day
kg/t kilograms per tonne
t/a tonnes per year
ug/g microgram per gram part per million
mg/kg milligram per kilogram part per million
ug/kg microgram per kilogram part per billion
ng /kg nanogram per kilogram part per trillion
mg/L milligram per litre part per million
ug/L microgram per litre part per billion
ng/L nanogram per litre part per trillion
ug/LOa micrograms per litre per year
mg/mzod milligrams per square metre per day
CHEMICAL ACRONYMS
AOX Adsorbable organic halogen
BHC Benzenehexachloride
BOD Biochemical oxygen demand
DDE Dichlorodiphenyl dichloroethylene
DDT Dichlorodiphenyltrichloroethane
HCB Hexachlorobenzene
NO3+NO2 Nitrate plus Nitrite
OCS Octachlorostyrene
PCB Polychlorinated biphenyls
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CHEMICAL ACRONYMS - cont’d.
TCDD
Tetrachlorodibenzo-p-dioxin
TCDF
Tetrachlorodibenzofuran
TOC Total organic chlorine
TSS Total suspended solids
"ITO Total toxic organics
OTHER TERMINOLOGY
BAT(EA)
Best available technology (economically achievable)
CDF
Combined disposal facility
CEPA
Canadian Environmental Protection Act
CERCLA
Comprehensive
Environmental
Response, Compensation,
and
Liability Act
CSO Combined sewer overﬂow
DEC
Department of Environmental Conservation
DFO
Department of Fisheries and Oceans
DNR
Department of Natural Resources
DOE
Department of the Environment
EPA
Environmental Protection Agency
FDA
Food and Drug Administration
FWS Fish and Wildlife Service
GC
/MS
Gas
chromatography/Mass
spectrometry
GIS
Geographic Information System
GLFC
Great Lakes Fishery Commission
GLISP
Great Lakes International Surveillance Plan
IADN
Integrated Atmospheric
Deposition Network
IMO
International Maritime Organization
LMP
Lakewide
Management
Plan
MISA
Municipal-Industrial Strategy for Abatement
M
N
R
Ministry of Natural
Resources
MOE
Ministry of the Environment
N
PDES
National
Pollutant Discharge
Elimination System
NPP
National
Pretreatment
Program
OECD
Organisation
for Economic Cooperation and
Development
PCS
Permit
Compliance
System
PSIZ
Point
Source
Impact Zone
RAP
Remedial
Action
Plan
SAB
Science
Advisory
Board
SARA
Superfund
Admendments
and
Reauthorization
Act
[I
SCS
Soil Conservation
Service
SIU
Significant Industrial
User
STORET
Storage
and
Retrieval
Information System
STP
Sewage
treatment
plant
SWEEP
Soil and
Water
Environmental
Enhancement
Program
W
Y
Water
Year
(October
1
- September
30)
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Regional Administrator
US. Environmental Protection Agency
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Chicago, Illinois 60604
Mr. Peter C. Myers
Deputy Secretary
US. Department of Agriculture
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Administrator
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P. O. Box 7921
Madison, Wisconsin 53707
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520 Lafayette Road North
St. Paul, Minnesota 55155
Mr. Richard M. Boardman
Associate Deputy Secretary
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Pennsylvania Department of Environmental
Resources
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Mr. Bernard Killian, Director
Illinois Environmental Protection Agency
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Associate Director
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Deputy Director
Environmental Protection
Michigan Department of Natural Resources
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